AO-A047  681 


UNCLASSIPICO 


STANFORD  RESEARCH  INST  MENLO  PARK  CALIF  F/8  9/5 

MEASUREMENT  OF  THE  APO  AND  THE  DEGRADATION  CAUSED  BY  POWER  LINE— ETC (U> 

APR  76  R A Shepherd*  j c gaddie  nooo39*74-c-oo77 


NL 


Mil 

• 

1 

f 

m 

E 

■■ 

1 

IE 

El 

Jm 

II 

II 

ti 

s 

§ 

1 

II 

II 

1 

1 

ADA047681 


1 

! 


Final  Report 


MEASUREMENTS  OF  THE  APD  AND 
THE  DEGRADATION  CAUSED  BY 
POWER  LINE  NOISE  AT  HF 


By  RICHARD  A SHEPHERD  and  JAWES  C CADDIE 

Prepared  for: 

DEPARTMENT  OF  THE  NAVY 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 

WASHINGTON,  DC  20360 


CONTRACT  N00039  74  C 0077 

SRI  Proiect  2997 


D D C 


STANFORD  RESEARCH  INSTITUTE 

Menlo  Park,  California  94025  ■ U S A 


Fin3l  Report 


April  19/6 


MEASUREMENTS  OF  THE  APD  AND 
THE  DEGRADATION  CAUSED  BY 
POWER  LINE  NOISE  AT  HF 


By:  RICHARD  A SHEPHERD  ind  JAMES  0 CADDIE 


I 

Prepared  for: 

\ 

DEPARTMENT  OF  THE  NAVY 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 

WASHINGTON,  D C 20360 


CONTRACT  N00039  74  C 0077 

SRI  Project  2997 

Approved  by: 

DONALD  L NIELSON.  Director 
Telecortimunicaiions  Scierices  Center 

BONNAR  COX,  Executive  Director 
Informeiion  Science  end  Engineering  Divition 


MSTMBUnON  STAfVMfNT  A. 

CjUpproyd  for  public  release; 
Dlatilbutlos  Unlimited 


SiCUHiTV  CLASSIFICATION  OF  THIS  PA(«l  0«t«  f 


RI  POKI  IXX  I MIM  MION  P UiP 


1 HIPORT  NUMHI  H 


fifAD  iNSTAUCnONS 
BifORt  COHAPltTlNC  fORM 


7 GOVT  ACCtSSlON  NO  3 HfCIPlfNTS  CATALOG  NUMBI  N 


4 TlTtf  (•ntf 


& T vPL  OT  HI  PORT  A Pt  R400  COVI  R(  O 


9 PeRFi^PVING  ORGANI/ATION  NAME  AND  ADDRESS 

Stanford  Research  Institute 
Menlo  Park,  California  94025 


II  CONTROLLING  OFFICt  NAWL  AND  AOOFIESS  ^ 

Department  of  the  Navy 

Naval  Electronic  Systems  Command 

Washington,  D.C.  20360  


14  MONITORING  AGENCV  NAME  8i  ADDRESS  III  diK  from  Controlling  Offil 


16  distribution  statement  lof  lhi»  roporti 

Approved  for  public  release; 
distribution  unlimited. 


10  RROCRAM  ELI  Ml  NT  FROiECT  TASK 
AREA  6 WORK  UNIT  NUMBERS 


13  NO  Of  PAGES 


15fl 


(OF  IHit  r«(»4>rtl 


J Unclassified 


lbs  Df  CLASS'ElCAnON  UOANGRADiNG 
SCHEDULE 


LL  AL>M  I It.  A T KIN  1 |»  Tm',  PAt.t 

19  KFV  WOHDS  IConlinuMlI 


20  AHStnACT  IContinuMO 

noise.  The  power-line  noise  was  used  to  degrade  the  performance  of  a binary 
FSK  modem  (AN/URA-17).  Simultaneously,  the  amplitude  probability  distribution 
(APD)  of  the  noise  envelope  was  measured  in  three  bandwidths,  and  in  the  unused 
channel  of  the  URA-17,  using  specially  developed  Instrumentation  and  software. 
This  Instrumentation  samples  and  digitizes  the  noise  envelope  from  each  receiver 
at  a rate  of  200  samples  per  second  and  records  these  samples  on  magnetic  tape. 

A computer  processes  the  noise  samples  to  calculate  the  rms  noise  voltage,  (which 
is  convertible  to  the  effective  antenna  noise  factor  Fq),  the  parameter  Vj , and 
the  APD.  The  '^d  measurements  were  compared  with  those  from  a Singer 

NM-26T  receiver.  Photographs  of  both  gap  and  corona  noise  envelope  voltage  were 
made  in  several  bandwidths.  Corona  noise  measurements  were  made  in  weather 
conditions  ranging  from  no-raln  to  heavy  rain. 


1 


t 


Arcfssir.N  for 

NTIS 

DOC 

UNANNOL'NCro 

JusTiricAiio;^ 


BY 


V.  :'o  Section  Hf 
B.ll  Section  □ 


DBTUWTIIN/ilViUtligUTT  Cg» 


Oist  AYAH 


n 


DO. 

tOITIOM  OF  1 NOV  65  IS  OBSOLETE 


SECUniTY  CLASSIFICATION  OF  THIS  PAGE  (When  0«t«  £nt«t«dl 


ABSTRACT 


Measurements  of  electromagnetic  noise  from  power  lines  were  made  by 
Stanford  Research  Institute  (SRI)  in  direct  support  of  the  Electromagnetic 
Compatibility  Analysis  Center  (ECAC)  in  their  work  in  the  Naval  Electronic 
Systems  Command  (NAVELEX)  man-made  radio  noise  program.  Tests  were  con- 
ducted at  3 MHz  in  the  late  spring  of  1975  in  the  vicinity  of  three  power 
transmission  lines  (two  at  230-kV  and  one  at  115-kV)  expected  to  be  sources 
of  corona  noise  and  three  low-voltage  power  distribution  lines  expected  to 
be  sources  of  gap  noise.  The  power-line  noise  was  used  to  degrade  the  per- 
formance of  a binary  FSK  modem  (AN/URA-17).  Simultaneously,  the  amplitude 
probability  distribution  (APD)  of  the  noise  envelope  was  measured  in  three 
bandwidths,  and  in  the  unused  channel  of  the  URA-17,  using  specially  de- 
veloped instrumentation  and  software.  This  Instrumentation  samples  and 
digitizes  the  noise  envelope  from  each  receiver  at  a rate  of  200  samples 
per  second  and  records  these  samples  on  magnetic  tape.  A computer  processes 
Che  noise  samples  to  calculate  Che  rms  noise  voltage,  (which  is  convertible 

to  the  effective  antenna  noise  factor  F ),  the  parameter  V.,  and  the  APD. 

a d 

The  V and  V,  measurements  were  compared  with  those  from  a Singer  NM-26T 
rms  d 

receiver.  Photographs  of  both  gap  and  corona  noise  envelope  voltage  were 
made  in  several  bandwidths.  Corona  noise  measurements  were  made  in  weather 
conditions  ranging  from  no-raln  to  heavy  rain. 
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I INTRODUCTION 


A.  Background 

This  report  describes  measurements  by  Stanford  Research  Institute 
(SRI)  of  the  electromagnetic  noise  from  electrical  power  transmission  and 
distribution  lines  and  measurements  of  the  effect  of  the  noise  (In  terms 
of  binary  error  rates)  on  a commonly  used  frequency-shift-keyed  (FSK)  com- 
munication system.  These  measurements  were  made  for  the  Naval  Electronics 

A 

Systems  Command  (NAVELEX) . The  purpose  of  the  measurements  was  to  further 
the  mathematical  modeling  of  man-made  noise  and  the  study  of  Its  effects 
on  communications  systems  being  done  by  the  DoD  Electromagnetic  Compati- 
bility Analysis  Center  (ECAC) . All  data  collected  In  this  measurement 
project  were  provided  to  ECAC  Immediately  after  they  had  been  gathered 
and  have  already  been  the  subject  of  an  ECAC  report  by  Churchill.^  This 
report  discusses  the  conditions  under  which  the  measurements  were  made  to 
provide  some  Insight  for  their  Interpretation. 


B.  Report  Format 

The  remaining  sections  of  this  Introduction  discuss  the  project's 
objectives,  explain  the  scope  of  the  effort,  and  briefly  describe  the  tests. 


* 1 
The  NAVELEX  man-made  noise  program  was  described  by  Glllllland  ; previous 

reports  In  the  program  (dealing  with  automobile  Ignition  noise)  were  by 

Cohen, ^ Shepherd  et  al.,^  Glllllland  and  Brewer,^  and  Glllllland.^ 
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Chapter  II  summarizes  a few  of  the  more  Important  findings  from  the 
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measurements.  Chapter  III  discusses  the  sources  of  power-line  noise  in 
general  and  then  describes  the  specific  measurement  sites  SRI  used  and 
the  rationale  for  choosing  them.  Chapter  IV  describes  the  measurement 
instrumentation  and  procedures.  Chapter  V provides  detailed  measurement 
results  and  Includes  the  error-rate  measurements,  plots  of  noise  attenu- 
ation with  distance,  a comparlslon  of  measurements  made  on  SRI's  hardware/ 
software  system  with  others  made  using  the  Singer  NM-26T  noise  meter,  and 
a discussion  of  the  effect  of  rain  on  the  APDs  of  corona  noise.  Appendix 
A shows  how  SRI's  calibration  method  provides  absolute,  rather  than 
relative,  noise  power  measurements;  Appendix  B lists  the  data-processing 
computer  program. 

C.  Objectives  and  Scope 

The  tests  described  In  this  report  were  conducted  to  provide  ECAC 

with  data  on  radio  noise  from  power  lines,  at  HF,  measured  simultaneously 

with  measurements  of  the  effects  of  the  noise  (interference)  on  a receiving 

system  consisting  of  a R1051B/URR  radio  receiver  (commonly  called  a 

R1051B)  and  a CV-483C/URA-17  FSK  demodulator  (usually  called  a URA-17). 

The  noise  measurements  were  expected  to  be  useful  to  ECAC  In  developing 

mathematical  models  for  the  amplitude  probability  distribution  (APD)  of 

power-line  noise;  the  measurements  of  the  effect  of  the  noise  should  be 

A 5 

useful  In  checking  error-rate  models.  ’ 
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In  this  program  SRI's  intent  was  to  be  completely  responsive  in 
providing  the  measurements  requested  by  ECAC  for  use  in  its  modeling  work. 

This  report  details  the  measurement  conditions,  the  Instrumentation  and 
procedures,  the  data  processing  methods,  and  the  problems  encountered, 
and  gives  other  information  pertinent  to  a complete  imderstandlng  of  the 
data  as  presented.  The  raw  data,  consisting  of  log  sheets,  chart  records, 
computer  printout  and  plots,  and  the  computer  program,  together  with 
copies  of  the  original  magnetic  tapes,  were  provided  to  ECAC  while  measure- 
ments were  under  way,  to  facilitate  its  modeling  work.  Our  analysis  of 
the  data  is  limited  to  that  required  for  an  understanding  of  the  conditions 
under  which  the  data  were  collected,  processed,  and  displayed.  It  was  not 
within  the  scope  of  this  project  to  relate  the  data  to  the  models  under 
development  by  ECAC. 

D.  Description  of  Tests 

The  major  noise  measurement  desired  by  ECAC  was  the  APD  of  the  power- 
line noise.  We  can  measure  the  APD  of  this  noise  in  four  different 
bandwidths  simultaneously.  To  make  these  measurements  we  developed  a 

combination  hardware/software  system  based  on  an  earlier  system^  whose 

3 

software  had  been  modified  to  provide  APDs.  For  this  project  we  further 
improved  the  system  by  constructing  a receiver  portion  featuring  three  IF 
sections  of  different  bandwidths,  following  a single  RF  section.  We  also 
used  the  system  to  digitize  the  noise  voltage  in  the  lower  sideband  of  the  • 
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R1051B,  thus  providing  APDs  from  the  lower  sideband  at  the  same  time  that 


we  measured  the  errors — caused  by  the  same  noise — In  the  upper  sideband. 
These  APDs  were  not  very  satisfactory  because  of  the  relatively  narrow 
dynamic  range  of  the  R1051B. 

We  made  simultaneous  measurements  of  the  URA-17's  error  rate  and  the 
power-line  noise  APDs  at  six  locations,  selected  because  they  were  near 
power  lines  with  either  gap  noise  or  corona  noise. 

We  provided  oscilloscope  photographs  of  the  envelope  of  noise  voltage 
that  demonstrated  the  effect  of  the  bandwidth  on  the  noise  and  also  showed 
the  difference  between  gap  noise  and  corona  noise.  The  rate  of  decrease 
of  noise  with  distance  from  both  gap  and  corona  noise  sources  was  examined. 

To  ensure  that  our  power-line  noise  measurements  were  contaminated 
as  little  as  possible  by  noise  from  other  sources,  such  as  automobiles, 
we  chose  Isolated  sites  and  a measurement  frequency  of  3 MHz  (power-line 

g 

noise  drops  off  rather  rapidly  with  frequency  above  about  1 MHz,  whereas 
automobile  Ignition  noise  does  not). 

We  used  a calibrated  antenna,  and  we  calibrated  the  system  so  as  to 
provide  absolute  noise  measurements.  The  rms  noise  voltage  value  on  an 
APD  corresponds  to  the  noise  power  spectral  density  parameter  F . 
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SUMMARY  AND  MAJOR  FINDINGS 


The  project  objectives  were  to  provide  ECAC  with  measured  data  on 
power-line  noise  and  its  effects  for  ECAC's  use  in  developing  models  for 
that  noise,  to  serve  as  input  to  their  receiver  performance  models. 
Therefore  the  project's  principal  product  was  the  data  already  furnished 
ECAC,  most  of  which  (except  for  chart  records,  computer  printouts,  and  some 
APDs)  are  incorporated  into  this  report.  The  major  benefit  of  the  work 
consisted  of  furthering  ECAC's  development  of  mathematical  models  for  the 
NAVELEX  man-made  radio  noise  program. 

Our  experiences  in  the  collection  and  the  analysis  of  these  data 
resulted  in  some  observations  concerning  power-line  noise,  which  are  sum- 
marized below.  Supportive  data  and  discussions  for  these  statements  can 
be  found  in  other  sections  of  the  report,  chiefly  in  Chapter  V. 

(1)  Radio  noise  from  power  lines  consists  of  gap  noise  and 
corona  noise.  Although  there  is  a generally  accepted  line 
voltage  threshold  (about  70  kV)  above  which  gap  noise  is 
not  expected,  we  believe  we  observed  both  gap  and  corona 
noise  from  a 115-kV  line. 

(2)  We  observed  the  attenuation  of  gap  and  corona  power-line 
noise  power  spectral  density  with  distance  at  the  rate 
of  about  20  dB  per  distance  decade  (l/r“)  at  3 MHz.  The 
power-line  noise  decreased  to  background  noise  level  within 
100  to  200  ft. 

(3)  Both  gap  and  corona  noise  as  seen  by  a receiver  consist  of 
individual  Impulse  responses,  which  may  or  may  not  overlap, 
depending  on  the  impulse  repetition  rate  and  the  receiver 
bandwidth. 
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(4)  Gap  noise  may  consist  of  such  Impulses  occurring  as 
infrequently  as  60  times  per  second  (for  a 60-cycle  power 
line).  More  rapid  occurrence  of  pulses,  with  groups  of 
pulses  bunching  in  time  near  line  voltage  maxima,  is  more 
common. 

(5)  When  gap  impulses  do  not  overlap,  the  APD  of  the  noise 

is  essentially  the  APD  of  the  receiver's  Impulse  response. 

(6)  The  short-term  rms  value  of  gap  noise  is  highly  variable. 
Changes  of  6 dB  from  second  to  second  have  been  observed, 
as  various  gaps  became  active  and  then  ceased.  No  change 
would  have  been  observed  by  using  a peak  detector. 

(7)  The  longer-term  rms  values  and  APDs  of  this  same  gap  noise 
(representing  integration  over  5-minute  periods  a half- 
hour  apart)  are  quite  stable. 

(8)  The  rms  value  of  corona  noise  changes  much  more  slowly  than 
that  of  gap  noise.  We  observed  changes  of  1 or  2 dB  over 
periods  of  several  minutes. 

(9)  Such  changes  (8)  can  usually  be  associated  with  changes  in 
the  rainfall,  although  not  necessarily  at  the  measurement 
site  itself,  implying  that  the  noise  propagates  along  the 
line. 

(10)  We  saw  20-dB  increases  in  the  corona  noise  power  spectral 
density  from  no-raln  to  rain;  this  amount  is  similar  to 
observations  by  others  using  quasi-peak  meters. 

(11)  As  rain  falls  on  the  line.  Isolated  strong  Impulses  are 
observed  from  the  receiver;  as  the  rain  Increases,  the  number 
(or  rate  of  occurrence)  of  these  Impulses  Increases. 

(12)  We  usually  observed  a rain-related  increase  of  1 dB  or  less 
in  the  parameter  Vj  for  corona  noise,  but  this  was  not  always 
the  case. 

(13)  We  did  not  note  any  appreciable  difference  between  the  V^j  of 
gap  and  that  of  corona  noise;  for  both  it  was  around  1.2  to 
5,  depending  on  bandwidth. 
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(lA)  The  APD  for  both  gap  and  corona  noise  generally  showed  a 
lower  Vj  (by  4 or  5 dB)  than  that  of  the  noise  from 
automobile  traffic. 

(15)  We  made  absolute  APD  measurements  (the  0-dB  level  on  the  APD 

is  Fg) , but  our  data  base  is  not  large  enough  to  suggest 

whether  the  noise  is  generally  greater  from  gap-noise  or  from 

corona-noise  sources. 

(16)  The  noise  power  spectral  density  measurements  made  with  the 
three  SRI  receivers  generally  agreed  within  a few  tenths  of 
a decibel. 

(17)  Both  the  noise  power  spectral  density  (F^)  measurements  and 
the  Vjj  measurements  made  with  the  NM-26T  generally  agree 
within  about  1 dB  with  those  made  with  the  SRI  receivers. 


» 
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Ill  POWER-LINE  NOISE  SOURCES  AND  TEST  SITES 


A.  Radio  Noise  from  Power  Lines 
1.  General 

The  function  of  a power  line,  that  Is,  the  transmission  or 

distribution  of  power,  determines  Its  operating  voltage  and  thereby  the 

mechanisms  by  which  It  produces  noise  under  normal  operating  conditions. 

In  general,  the  lower-voltage  distribution  and  transmission  lines  (below 

about  70  kV)  produce  noise  from  various  types  of  discharges  at  gaps,  while 

the  higher-voltage  transmission  lines  (110  kV  and  higher)  generate  noise 

9 

by  various  kinds  of  corona. 

Most  of  the  measurements  of  power-line  noise  reported  in  the 


Gap  Noise 


2 

Gap  noise  is  the  noise  resulting  from  a current  discharge 
between  two  metal  objects  (sparks)  or  between  a metal  object  and  an 
electrically  charged  surface  (microsparks) . The  sources  of  gap  noise 
include  air  gaps  at  insulators,  loose  tie  wires,  loose  hardware  on  the  pole, 
or  corroded  joints  between  wires  or  hardware.  It  is  not  necessary  that  the 
metal  at  either  side  of  a gap  be  connected  to  the  conductor;  high  voltages 
can  be  Induced  in  nearby  objects.  Most  types  of  gap  noise  are  more  prevalent 
during  dry  weather.  Frequently,  a gap  noise  source  will  disappear  at  night 
when  dew  bridges  the  gap  and  will  reappear  in  the  morning  after  a few  hours 
of  warming  in  the  sun.  Wooden  power  poles  and  crossarms  absorb  moisture 
during  wet  weather  and  expand  slightly;  they  tend  to  shrink  during  dry  hot 
periods.  This  results  in  loose  hardware  during  dry  periods  and  tight  hard- 
ware during  wet  periods.  Following  an  unusually  late  and  wet  spring,  the 
weather  was  still  rainy  during  most  of  the  time  we  were  searching  for  these 
gap  noise  sources.  Therefore  the  gap  noise  was  not  present  at  some  lo- 
cations where  we  had  observed  it  before.  The  same  scarcity  of  gap-noise 
sources  provided  us  with  an  excellent  opportunity  for  observing  the  noise 
from  a single  gap  breaking  down  once  per  cycle  (at  Ed  Levin  County  Park), 
as  discussed  later. 

3.  Corona  Noise 

The  primary  noise  source  on  power  lines  above  about  110  kV  is 
corona.  Although  gap  noise  can  and  does  occur  on  high-voltage  transmission 
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lines,  the  gaps  can  usually  be  found  and  eliminated.  Several  types  of 
corona  discharge  contribute  to  the  radio  noise  from  high-voltage  trans- 
mission lines  (positive  streamers,  negative  glow,  negative  streamers,  and 
so  on).  The  noise  from  corona  begins  to  decrease  above  about  1 MHz.  Ac- 
cording  to  Juette,  the  spectrum  from  negative  corona  (glow  as  well  as 
negative  streamers)  decreases  at  the  rate  of  20  to  25  dB  per  frequency 
decade,  while  that  from  positive  streamers  falls  off  at  35  to  40  dB  per 
decade. 

Fair-weather  noise  levels  measured  using  peak  and  quasi-peak 
detectors  have  been  commonly  reported  in  the  literature.  Figure  1 presents 
median  values  of  average  noise  power  spectral  density  data  obtained  by 
several  investigators  at  MF,  HF,  and  VHF  with  rms  detectors.  Vertical 
monopole  antennas  were  used,  usually  positioned  directly  under  the  line. 

An  interesting  observation  is  that  the  115-kV  lines  were  noisier  than  the 
lines  with  higher  or  lower  operating  voltage.  Operating  voltage  is  not  the 
only  factor  that  determines  a line's  noise  level.  At  any  given  frequency, 
the  difference  between  measured  medians  for  the  noisiest  and  the  quietest 
line  was  about  30  dB. 

The  seasonal  variation  of  fair-weather  power-line  radio  noise 
was  investigated  by  LaForest^^  by  studying  one  year  of  data  on  a 500-kV 
line  in  the  northeastern  United  States.  He  noted  the  effects  of  relative 
air  density,  relative  humidity,  and  wind  speed,  as  well  as  seasonal 
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FIGURE  1 MEDIAN  VALUES  OF  NOISE  POWER  SPECTRAL  DENSITY  APPROXIMATELY 
UNDERNEATH  SELECTED  POWER  LINES 


variations,  and  he  deduced  correction  terms  for  fair-weather  RI  levels 


(field  strengths  measured  with  a quasi-peak  detector).  He  noted  that 

summer  readings  were  higher  than  winter  readings  by  about  12  dB. 

18 

Pakala  and  Chartier  stated  that  corona  noise  RI  level  Increases 

of  17  dB  were  likely  during  rain.  The  IEEE  has  indicated  Increases  of  15 

19  20 

to  25  dB  in  quasi-peak  readings  during  foul  weather.  ’ Data  on  RI 

21 

levels  taken  on  a Bonneville  Power  Administration  345-kV  line  over  a year 

showed  an  average  RI  level  during  rain  approximately  20  dB  above  that 

during  clear  weather,  while  during  snow  the  average  level  was  nearly  26  dB 

higher  than  the  clear-weather  level.  Forrest  pointed  out  that  "defect" 

noise  on  lower-voltage  (11-  to  66-kV)  lines,  caused  by  sparks  and  mlcro- 

22 

sparks,  tended  to  determine  the  fair-weather  RI  levels  above  10  MHz. 

He  noted  that  wet  weather  could  cause  RI  increases  of  5 to  15  dB  in  the 
band  100  kHz  to  10  MHz,  due  to  corona,  and  cause  RI  decreases  above  10  MHz, 
due  to  the  shorting  out  of  arcing  gaps. 


B.  Measurement  Locations 

We  made  measurements  of  the  power-line  noise  and  its  effect  on  the 
error  rate  of  the  FSK  modem  at  several  different  sites,  to  obtain  both  gap 
and  corona  noise,  and  in  both  wet  and  dry  conditions,  to  observe  the  effect 
of  foul  weather  on  the  corona  noise. 

Corona-noise  sources  were  relatively  easily  found  (particularly  in 
damp  weather),  since  there  are  many  high-voltage  power  transmission  lines 


on  the  San  Francisco  Peninsula.  However,  because  of  the  urbanization  that 


demands  this  power,  transmission  lines  that  are  Isolated  from  vehicle 
traffic.  Industrial  areas,  homes,  and  other  contaminating  sources  of  noise, 
are  few.  To  avoid  the  problem  of  contamination  of  the  corona  noise  with 
noise  of  other  types,  we  had  to  find  places  where  the  other  noise  sources 
were  not  present.  These  were  generally  rather  Inaccessible  spots — on  bav 
fill  land  or  steep  hillsides. 

Gap  noise  Is  to  be  expected  from  the  lower-voltage  power  distribution 
lines,  such  as  Chose  Chat  serve  an  urban  area.  These  lines  typically  run 
along  streets  and  roads;  therefore  measurement  locations  Isolated  from 
other  sources  of  noise  are  difficult  to  find  In  a relatively  heavily  popu- 
lated area.  The  problem  was  complicated  by  the  wet  weather  which  had 
apparently  caused  closure  of  many  of  the  gaps.  We  found  three  locations 
that  fit  our  criterion  of  having  active  gap  noise  but  no  other  known  noise 
sources  in  the  vicinity. 

The  measurement  sites  are  described  below.  The  first  three  were  chosen 
to  observe  corona  noise;  the  last  three  were  chosen  as  gap-noise  sources. 

1.  The  Dumbarton  Substation 

This  substation  or  switching  yard  covers  3 or  4 acres  about  100  m 
off  the  western  approach  to  the  Dumbarton  Bridge,  which  crosses  the  southern 
part  of  San  Francisco  Bay.  The  yard  is  built  on  fill  just  at  the  edge  of 
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the  bay.  Our  measurements  were  made  outside  the  yard,  where  two  230-kV 


circuits  approach  the  yard.  As  Figure  2 indicates,  one  of  these  circuits 
descends  into  the  yard,  while  the  other,  on  the  left,  turns  away.  This 
figure  shows  the  9-ft  rod  antenna  atop  a vehicle,  as  it  is  commonly  used 
in  radio  noise  surveys  (Ref,  23-29).  Here  the  vehicle  is  about  50  ft  (16  m) 
from  a point  under  the  double-conductor  lines,  which  are  about  30  ft  (10  m) 
high.  Measurements  were  made  at  this  location  during  a driving  rain  with 
gale-force  winds;  on  a windy  day  just  after  a rain;  and  on  a clear  dv/. 

2 . The  Cupertino  Hillside 

This  location  (see  Figure  3)  is  under  two  230-kV  circuits  at 
the  end  of  a dead-end  street  in  a housing  development  under  construction  in 
Cupertino.  The  double-conductor  lines  are  very  high  here,  probably  more 
than  100  ft,  although  the  height  was  difficult  to  estimate  because  the 
surroundings  are  so  hilly.  Measurements  were  made  at  spots  60  ft  and  100  ft 
(about  20  m and  33  m)  from  the  centerline  of  the  two  circuits  and  during 
light  rain,  hard  rain,  and  no  rain.  In  the  figure,  the  car  Is  100  ft  from 
the  centerline.  The  van  contained  our  measurement  equipment. 

Figure  A shows  photographs  of  the  detected  envelope  of  the  corona 
noise  from  these  lines  in  two  bandwldths.  In  these  bandwldths  the  noise 
consists  of  relatively  continuous — and  probably  overlapping — impulses. 

Corona  discharges  are,  of  course,  most  likely  to  occur  as  the  voltage  on 
a line  reaches  its  maximum.  There  is  a voltage  maximum  every  2.77  ms  from  « 
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SA-2997-1 


FIGURE  2 MEASUREMENT  LOCATION  FOR  230-kV  LINES 
ENTERING  SUBSTATION 
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FIGURE  3 MEASUREMENT  LOCATION  ON  CUPERTINO  HILLSIDE  UNDER  HIGH  230-kV  LINES 


MEASURED  AT  50  ft  FROM  LINE  CENTERLINE  IN  CUPERTINO.  19  MARCH  1975 


(bl  SRI  RECEIVER,  6-kHz 
BANDWIDTH 

SA-2997-3 


FIGURE  4 


DETECTED  ENVELOPE  OF  CORONA  NOISE  FROM  230-kV  POWER 
LINES— 3.0  MHt 


one  or  another  of  the  lines  on  the  60-cycle  three-phase  circuit,  but  no 
such  relation  can  be  seen  in  these  photographs  of  the  noise. 

3.  The  Sunnyvale  Dump 

Two  115-kV  circuits  spaced  17  ft  (5.6  m)  apart  pass  through  the 
Sunnyvale  Dump  area  on  the  edge  of  San  Francisco  Bay  at  its  extreme  south 
tip.  Here  the  bare  ground  was  generally  wet,  and  the  (salt)  water  table 
was  about  3 ft  below  the  ground.  We  made  measurements  in  an  unused  portion 
of  the  sanitary  landfill  dump  at  a spot  between  two  of  the  large  towers; 
the  lower  conductors  were  about  25  to  30  ft  (8  to  10  m)  above  the  ground. 

We  made  more  measurements  at  the  Sunnyvale  Dump  than  at  any  other  location. 
The  measurements  were  made  at  distances  of  50,  100,  and  200  ft  (16.4,  32.8, 
and  65.6  m)  from  the  centerline  and  during  various  weather  conditions. 
Figure  5 shows  the  measurement  van  and  the  general  surroundings.  Because 
on  our  usual  3.0-MHz  measurement  frequency  we  sometimes  experienced  con- 
tamination of  the  noise  by  signals,  we  also  took  data  here  at  3.4  MHz. 

We  made  measurements  of  the  fall-off  of  the  rms  noise  level  with 
distance  from  this  line,  using  the  NM-26T  at  various  points  out  to  a dis- 
tance of  500  ft  (164  m)  from  the  center  of  the  two  circuits. 

Although  the  lines  at  the  dump  were  selected  as  a probable 
corona-noise  source,  analysis  of  our  data  lead  us  to  believe  that  there 
were  probably  active  gaps  during  dry  weather.  The  greatest  noise  power 
measured  here  occurred  after  several  days  of  dry  weather  and  exceeded  even 
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FIGURE  5 THE  115-kV  POWER  LINES  AT  THE  SUNNYVALE  DUMP 


that  measured  in  heavy  rain.  On  damp  days,  we  sometimes  noticed  periods 
when  the  noise  abruptly  "turned  on"  and  the  indicated  rms  level  increased 
by  8 or  10  dB  for  periods  of  from  a fraction  of  a second  to  several  minutes. 
This  behavior  suggests  gap  noise.  Figure  6 shows  photographs  of  the  time 
waveforms  of  this  noise  in  several  bandwidths.  In  the  500-Hz  bandwidth 
the  impulse  responses  overlap.  In  the  wider  bandwidths,  we  see  individual 

if 

impulse  responses  occurring  in  two  groups  per  cycle  (i.e.,  two  groups 
every  16.67  ms).  That  timing  indicates  that  the  source  of  impulse  groups 
is  associated  with  only  one  phase  of  the  3-phase,  115-kV  circuit.  It  is 
possible  that  one  or  more  gaps  were  being  fired  many  times  near  both  the 
positive  and  the  negative  voltage  maxima. 

4 . Bernardo  Avenue 

We  believe  that  there  was  a gap  noise  source (s)  within  the 
hardware  on  the  pole  shown  in  Figure  7.  The  pole  carries  a distribution 
line  (probably  about  12  kV)  at  the  top.  Below  that  is  a 220-volt  system 
that  supplies  three  or  four  homes  along  the  road  in  this  mostly  undeveloped 
section  of  Sunnyvale.  None  of  the  homes  was  closer  than  about  100  m from 
the  pole.  A telephone  line  is  below  the  two  power  lines.  The  lines  change 
direction  slightly  here,  and  the  pole  is  guyed.  Measurements  here  were 
made  only  on  dry  days.  APD  measurements  were  made  under  the  line,  about 

* 

There  is  a striking  resemblance  between  these  photographs  and  some  reported 
on  a 15-kV,  16.67-Hz  line  by  Hagn.^^ 
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FIGURE  7 POWER  DISTRIBUTION  LINE  AT  BERNARDO  AVENUE 


50  ft  (16  m)  from  the  pole;  rras  field  strength  measurements  were  made  at 


several  points  in  the  field,  out  to  a distance  of  300  ft  (98  m)  from  the 
pole . 

Figure  8 shows  time  waveforms  of  the  gap  noise  observed  here. 
Many  impulses  appear,  but  bunching  of  the  higher  impulses  is  visible  twice 
per  cycle,  indicating  that  one  of  the  three  phases  probably  had  a gap 
source  (or  several  such  sources)  stronger  than  any  on  the  other  two  phases. 
Although  the  bunching  is  apparent,  it  is  not  as  obvious  as  that  at  either 
the  Sunnyvale  Dump  (Figure  6)  or  Ed  Levin  Park  (to  be  discussed  next) . 

5.  Ed  Levin  County  Park 

A distribution  line  that  terminated  at  a transformer  supplying 
power  to  a pump  (see  Figure  9)  was  an  excellent  gap-noise  source.  Here, 
at  the  edge  of  a golf  course  in  a county  park,  we  observed  noise  that  we 
Interpreted  as  originating  at  a single  gap.  Often  [see  Figure  10(a)]  this 
noise  consisted  of  an  isolated  receiver  Impulse  response  every  16.7  ms, 
indicating  that  a single  gap  was  breaking  down  just  once  per  cycle  of  the 
60-cycle  voltage  waveform.  At  times,  at  this  location,  we  observed  an 
Impulse  response  at  the  same  level  every  8.3  ms,  probably  a single  gap 
breaking  down  at  both  the  positive  and  the  negative  peaks  of  the  60-cycle 
wave.  This  can  be  seen  in  Figure  10(b),  which  shows  that  once  the  gap 
failed  to  fire  at  one  polarity.  At  still  another  time  [Figure  10(c)]  we 
could  observe  single  Impulse  responses  every  16.7  ms  (at  or  near  the  maxi- 
mum of  one  polarity).  Interleaved  with  groups  of  three  closely  spaced 
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FIGURE  9 POWER  DISTRIBUTION  LINE  NEAR  ED  LEVIN  COUNTY  PARK 


MEASURED  AT  ED  LEVIN  COUNTY  PARK.  18  MARCH  1975  _ WARM.  SUNNY  WEATHER 


MEASUREMENT  BANDWIDTH  6-KH/ 

TIME  SCALE  10  ms/diviMcjn  SA*2997-9 


FIGURE  10  SPECIAL  EXAMPLES  OF  THE  DETECTED  ENVELOPE  OF  GAP  NOISE  FROM 
A POWER  DISTRIBUTION  LINE— 3.0  MHz 


Impulses,  also  occurring  every  16.7  ms  (near  the  maximum  of  the  other 

polarity).  The  nature  of  the  noise — the  number  of  active  gaps — changed 

abruptly  from  minute  to  minute,  and  the  changes  could  be  both  heard  on 

the  NM-26T  and  observed  by  abrupt  variation  in  the  indications  on  the 

NM-26T's  rms  and  V meters.  A peak  detector,  commonly  used  to  measure 
d 

power-line  noise,  would  have  remained  stable,  because,  as  Figure  10  shows, 
the  pulse  height  remained  the  same. 

6 . Agnews  Hospital 

This  last  measurement  site  was  the  edge  of  a road  on  the  grounds 
of  the  large  mental  hospital.  The  three-phase  line  (probably  24-kV)  ran 
on  wooden  poles  parallel  to  the  road.  No  other  sources  of  man-made  noise 
were  known  to  be  in  the  vicinity.  The  gap  noise  here  was  not  as  clearly 
defined  as  at  Ed  Levin  Park.  There  were  apparently  a number  of  active  gaps; 
we  could  see  many  receiver  Impulse  responses  per  cycle  of  the  60-cycle  ac, 
although  there  were  always  prominent  pulses  occurring  every  8.3  ms.  These 
pulses  may  have  been  either  from  major  gaps  or  from  closer  gaps.  Figure  11 
shows  photographs  of  the  noise  time  waveforms.  At  times  there  may  have  been 
some  corona  noise.  The  noise  was  very  unstable,  changing  in  rms  level  by 
several  decibels  from  one  minute  to  the  next. 
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MtASUKlD  OlFtECTLV  UNDER  POWER  DISTRIBUTION  LINE 


Ul  SRI  RECEIVER  6 kHz  BANDWIDTH 
11204  POTI 


(b)  SRI  RECEIVER.  3-kHz  BANDWIDTH 
(1209  PDTI 


FIGURE  11  DETECTED  ENVELOPE  OF  THE  NOISE  AT  THE  AGNEWS  LOCATION— 3.0  MHz 
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IV  DESCRIPTION  OF  INSTRUMENTATION 
AND  TEST  PROCEDURES 


A . General 

This  chapter  discusses  the  complex  instrumentation  tliat  we  set  up 

to  measure  the  radio  noise  from  the  power  lines  and  the  effect  of  that 

noise  upon  an  HF  FSK  modem.  We  measured  the  APD,  the  rms  value,  and  the 

Impulsiveness  parameter,  M , of  the  noise.  We  measured  degradation  in 

d 

performance  in  terms  of  the  binary  error  rate  caused  by  the  noise.  The 
overall  measurement  system  has  two  major  parts:  the  hardware  and  the 
software.  The  following  sections  concentrate  on  the  hardware.  The  soft- 
ware is  almost  entirely  the  same  as  used  in  our  previous  work — on  automobile 
3 

ignlti  on  noise.  It  required  only  minor  changes,  because  we  now  use  en- 

velope detectors  instead  of  the  quadrature  detectors  and  because  we 

* 

developed  a system  to  plot  the  receiver  noise  on  the  APD  automatically. 
Appendix  B is  a listing  of  the  computer  program. 

B.  Instrumentation 

An  overall  block  diagram  of  the  noise  measurement  system  and  the 
modem  degradation  test  system  is  shown  in  Figure  12. 


This  procedure  had  a bug  that  was  not  discovered  until  most  of  the  computer 
runs  had  been  completed.  The  listing  in  Appendix  B is  without  that  bug. 
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FIGURE  12  BLOCK  DIAGRAM  OF  NOISE 
MEASUREMENT  AND  MODEM- 
PERFORMANCE-DEGRADATION 
TEST  SYSTEM 


lA 


1. 


signal  Distribution  System 


A Singer  93099-1  9-ft  rod  antenna  was  used  to  receive  the  noise. 
This  antenna,  normally  used  with  the  Singer  NM-25T  and  NM-26T  noise  meters, 
was  placed  atop  a vehicle  tliat  served  as  a ground  plane.  The  antenna  dlstrl 
bution  system  consists  of  three  hybrids  and  an  active  multicoupler. 

A Gaussian  noise  source  with  power  spectral  density  of  36  dBkT 

o 

was  used  as  a calibration  source  at  the  antenna  terminals.  Noise  from 
the  antenna  or  the  Gaussian  noise  source  entered  Hybrid  1,  which  served 
as  a 3-dB  power  divider.  The  two  outputs  of  Hybrid  1 went  to  Hybrid  2 
and  to  Hybrid  3.  Hybrid  3 was  used  to  combine  the  power-line  noise 
with  the  signal  from  the  RT618/URC  transmitter.  The  combined  signal  and 
noise  were  provided  to  the  input  terminals  of  the  R1051B/URR  receiver, 
which  was  part  of  the  modem  degradation  test  system,  described  next. 

Hybrid  2 functioned  as  a second  3-dB  power  divider  for  the  noise;  its 
outputs  were  provided  to  the  SRI  Noise  Measurement  Receiver  and  to  the 
Trak  Multicoupler.  The  multicoupler  provided  outputs  for  the  spectrum 
analyzer  and  for  the  NM-26T  noise  meter. 

2 . Modem  Performance-Degradation  Test  System 

The  modem  performance-degradation  test  system,  (see  Figure  12) 
comprises  an  HP  1645  Data  Error  Analyzer,  a TH39D  Telegraph  Tone  Modulator, 
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an  RT618B/URC  Transmitter  (the  exciter  portion  of  the  AN/URC-35B  Radio 
Set),  an  R1051B  receiver,  and  an  AN/IJRA-17C  comparator  converter  group. 

The  Data  Error  Analyzer  generated  a 300-bps  psuedo-random  data 
stream  that  the  Telegraph  Tone  Modulator  used  to  modulate  the  RT618B 
transmitter  to  produce  a radio-frequency  FSK  signal.  The  frequency  shift 
(mark-to-space)  was  800  Hz.  The  signal  from  the  transmitter  and  the 
noise  from  the  antenna  were  summed  in  Hybrid  3 for  input  to  the  R1051B 
receiver.  The  R1051B  was  modified  to  allow  manual  RF  gain  control,  which 
was  required  for  these  tests.  The  levels  of  the  signal  and  noise  provided 
to  the  receiver  were  set  by  the  signal  and  noise  attenuators  at  the  Inputs 
to  Hybrid  3.  The  slgnal-to-noise  ratio  was  measured  at  the  output  of 
the  AN/URA-17  predetection  filter  (FLl  Terminal  3)  by  using  an  HP  3400 
true  rms  voltmeter.  The  filter  FLl  has  a 3-dB  bandwidth  of  1800  Hz  and 
a 6-dB  bandwidth  of  2100  Hz.  The  signal  was  tuned  so  as  to  be  received 
in  the.  RlOSlB's  upper  sideband,  and  that  output  was  sent  to  the  AN/URA-17 
FSK  detector.  The  resulting  detected  output  was  returned  to  the  Data 
Error  Analyzer  for  measurement  of  the  binary  error  rate  and  other  items, 
such  as  the  number  of  data  blocks  in  error,  the  number  of  clock  slips, 
and  the  proportion  of  errors  caused  by  marks  changed  to  spaces  (the  bias). 
All  these  items  of  information  were  printed  on  a paper  tape  by  the  Anadex 
digital  printer — along  with  the  date  and  the  time  from  the  SRC-540  Time 
Code  Generator. 
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In  addition  to  the  error  data  from  the  Data  Error  Analyzer  that 


were  printed  by  the  digital  printer,  an  SRI-built  interface  unit  generated 
a bipolar  error  signal,  which  was  recorded  on  the  chart  recorder.  Binary 
errors  were  indicated  by  pen  deflections — to  the  left  of  a centerline  if 
the  error  consisted  of  Interpreting  a space  as  mark,  and  to  the  right 
otherwise. 

The  spectrum  analyzer  was  used  to  scan  slowly  the  spectrum 
surrounding  the  test  frequency  to  detect  any  Interfering  signals,  whose 
presence  during  the  test  would  cause  Inaccuracy  in  the  various  measure- 
ments. The  vertical  output  and  the  sweep  waveform  from  the  spectrum 
analyzer  were  recorded  on  adjacent  channels  of  the  chart  re'-order,  so  that 
the  frequency  of  any  interfering  signal  could  be  determined. 

The  "slow  code"  output  (coded  date  and  time)  from  the  time-code 
generator  was  recorded  on  the  chart  recorder,  providing  a real-time  in- 
dication on  the  chart  every  second.  This  enables  matching  of  the  Anadex 
paper  tape  with  the  chart  recorder's  record. 

The  chart  records  were  given  to  ECAC,  and  SRI  did  not  attempt 
any  analysis  of  the  data  they  contained. 

3.  Noise  Measurement  System 
a.  General 

APDs  were  measured  using  the  digitally  recorded  outputs  of 
the  envelope  detectors  in  the  SRI  Noise  Measurement  Receiver  and  the 
detected  lower-sideband  output  of  the  R1051B  receiver. 
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The  amplitude  of  each  of  the  envelop  detector  outputs  was 


sampled  at  a rate  of  200  samples  per  second.  The  detector  output  voltage 

★ 

(0-5  V)  was  digitized  at  one  of  1024  levels  and  recorded  on  the  digital 
magnetic  tape  recorder.  The  recorded  data  were  later  processed  in  a 
digital  computer  to  produce  the  APD  curve  and  other  data.  These  procedures 
were  described  fully  in  Ref.  3;  as  noted.  Appendix  B contains  a listing 
of  the  computer  program. 

The  signal  for  the  modem  performance  degradation  test  was 
transmitted  and  received  in  the  upper  sideband.  Therefore,  only  noise 
appeared  in  the  lower  sideband  (LSB)  of  the  R1051B;  because  of  the  broad- 
band characteristic  of  impulsive  noise,  the  noise  in  the  two  sidebands 
can  be  assumed  to  be  identical.  The  noise  power  in  the  lower  sideband  was 
measured  with  the  LSB  rms  voltmeter  connected  to  Terminal  3 of  FLl , the 
output  of  the  AN/URA-17C  predetection  filter. 

At  times,  we  manually  recorded  the  rms  level  and  V of  the 

d 

noise  from  the  NM-26T:  we  also  recorded  its  rms  level  on  the  chart 
recorder. 

b.  SRI  Noise  Measurement  Receiver 

The  noise  measurement  receiver  we  developed  for  this  project 
covers  the  2-to-32-MHz  range  and  has  three  IF  channels  , with  nominal  3-dB 


' 10 

There  were  10  binary  digits  (2  -1024)  in  the  digitized  number.  Thus  there 

was  a 60.2-dB  range  between  the  largest  and  the  smallest  digitized  number. 
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bandwldths  of  6,  3,  and  0.5  kHz.  The  gains  and  bandwldths  through  the 
receiver  were  tailored  to  provide  the  large  dynamic  range  required  for 
impulsive-noise  measurement.  A simplified  block  diagram  of  the  receiver 
is  shown  in  Figure  13.  The  RF  input  is  first  bandwidth-limited  and  ampli- 
fied by  the  preselector.  Its  bandwidth  is  approximately  1%  of  center 
frequency.  The  output  from  the  preselector  is  converted  to  40  MHz  by  a 
high-level  double-balanced  mixer.  The  local  oscillator  injection  signal 
is  supplied  to  the  mixer  by  an  HP  8600  Frequency  Synthesizer  at  a frequency 
40  MHz  above  the  receiver  frequency.  The  40-MHz  crystal  filter  (with  band- 
width of  9.4  kHz  at  the  -3  dB  points)  that  follows  the  mixer  output  provides 
the  further  reduction  in  noise  bandwidth  that  is  required  to  maintain  the 
system's  dynamic  range.  After  amplification  by  the  first  IF  amplifier,  the 
IF  is  converted  down  to  455  kHz  by  the  second  mixer. 

The  output  of  that  mixer  drives  three  IF  amplifier  systems 
in  parallel.  These  IF  systems  are  essentially  identical  except  for  the 
filter  bandwidth.  In  each,  the  signal  is  amplified  by  a second  IF  amplifier, 
filtered  by  the  appropriate  Collins  mechanical  filter,  amplified  further 
by  a third  IF  amplifier,  and  then  detected  by  an  envelope  detector.  The 
Collins  mechanical  filters  used  in  the  three  IF  chains  are  commonly  used 
in  many  other  communications  receivers,  including  the  R1051B. 

Although  the  receiver's  noise  figure  is  5 dB  or  less,  the 
measured  noise  figure  at  the  input  to  the  entire  system  is  10.5  dB,  because 
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FIGURE  13  SIMPLIFIED  BLOCK  DIAGRAM  OF  SRI  NOISE  MEASUREMENT  RECEIVER 


of  the  additional  loss  through  the  two  hybrids  in  the  antenna  distribution 
system. 

A plot  of  the  peak  output  voltage  of  the  receiver's  envelope 
detector  versus  an  input  voltage  from  an  impulse  generator  is  shown  in 
Figure  lA  for  the  500-Hz  IF  channel.  The  linearity  of  the  curve  is  typical 
for  any  of  the  three  IF  bandwldths  when  the  IF  gain  is  adjusted  to  set  the 
receiver's  Internal  noise  level  to  10-mV  peak  at  the  output. 

The  time  waveform  of  the  detected  envelope  of  the  receiver's 
Impulse  response  is  shown  in  Figure  15  for  each  of  the  three  IF  bandwldths. 
Also  shown  there  is  the  waveform  of  the  detected  envelope  of  the  LSB  output 
of  the  R1051B,  which  is  described  in  the  next  section. 

The  Impulse  response  photographs  of  Figure  15  can  be  used, 
by  dividing  the  maximum  amplitude  by  the  area  under  the  curve,  to  obtain 
the  system  impulse  bandwidth  as  detailed  in  Ref.  30,  where  it  is  termed 
the  video  pulse  technique.  Another  method,  described  in  Eq.  4 of  Ref.  30, 
for  obtaining  the  Impulse  bandwidth  uses  a system  gain  measurement  and  the 
system's  peak  response  to  an  Impulse.  The  Impulse  bandwldths  found  by 
both  methods,  and  some  other  bandwidth  Information,  are  shown  in  Table  1. 
The  ringing  in  the  Figure  15  Impulse  responses  results  In  a greater  area, 
and  therefore  a narrower  Impulse  bandwidth  when  using  the  video  pulse 
technique.  The  other  technique  provides  Impulse  bandwldths  closer  to 
what  we  had  expected. 
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PEAK  OUTPUT 


FIGURE  14  PEAK  OUTPUT  VOLTAGE  VERSUS  IMPULSE  STRENGTH  AT  INPUT,  SRI 
RECEIVER,  3.0-MHt,  0.5-kHz  BANDWIDTH 
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Figure  16  shows  APDs  of  Gaussian  noise  made  simultaneously 


using  the  three  SRI  receivers.  A corresponding  APD  from  the  R1051B 

receiver  is  not  available,  because  that  receiver's  gain  had  been  adjusted 

for  the  error-rate  measurements,  and  at  that  setting  the  noise  from  the 

Gaussian  noise  source  was  barely  out  of  the  receiver  noise.  These  APD 

measurements  were  made  during  a normal  power-line  noise  measurement 

session  by  simply  replacing  the  antenna  for  5 minutes  with  the  same  36-dBkT 

Gaussian  noise  source  that  we  use  for  a 1 minute  calibration.  The  computer 

which  had  been  told  that  the  rms  value  of  the  envelope  of  the  1 minute 

sample  represented  a power  spectral  density  of  36  dBkT  , identified  the 

o 

5-mlnute  sample  of  noise  as  having  the  power  spectral  densities  shown  in 
Table  2.  The  value  Indicated  for  the  R1051B  receiver  is  less  than  3 dB 


Table  2 

COMPUTED  POWER  SPECTRAL  DENSITY  AND  V^— GAUSSIAN  NOISE 

d 


3-dB  Receiver 

Bandwidth 

(kHz) 

Measi'.red  Power 

Spectral  Density 

(dBkT  ) 
o 

'^d 

(dB) 

6 

36.11 

0.96 

3 

36.18 

1.00 

0.5 

36.17 

1.09 

3 (R1051B) 

35.82 

0.12 

dB  ABOVE  tms 


above  its  computed  receiver  noise.  Our  V figures  were  calculated  by 

d 


the  computer  from  the  rms  and  average  voltages,  using  the  ratio 


V 


d 


20 


log 


dB. 


The  computer  uses  the  noise  voltage  samples  to  find  the  rms  noise  envelope 
voltage 


V 

rms 


volts 


* 

and  the  average  noise  envelope  voltage 


V 

avg 


volts. 


where  e^  indicates  the  digitized  1*"^  sample  of  the  noise  envelope.  At 


200  samples  per  second,  the  sample  size  is  about  N = 60,000.  Thus  V 


rms 


and  V represent  an  averaging  over  a 5-minute  period, 
d 

The  V ratio  for  Gaussian  noise  is  approximately  1.05  dB, 
d 


and  Table  2 shows  that  reasonable  V results  were  obtained,  except  for  the 

d 


This  is  a simplification  over  our  previous  method  (Ref.  3),  where  the  noise 
envelope  was,  itself,  calculated  from  its  quadrature  components. 
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R1051B  receiver.  There  the  Gaussian  noise  was  so  low  that  many  of  the 

samples  were  digitized  as  either  zeros  or  ones  and,  although  a reasonable 

rms  voltage  was  obtained,  the  calculated  average  voltage  was  almost  the 

same  as  that  rms  value,  and  so  an  Incorrectly  low  V ratio  was  obtained. 

d 

We  have  sketched  the  APD  of  the  receiver  noise  on  these  and 
most  of  the  other  power-line  noise  APD  plots.  The  rms  value  of  the  re- 
ceiver noise  was  calculated  and  printed  out  by  the  computer.  We  know  that 
the  rms  value  of  Gaussian  noise  is  exceeded  36.8%  of  the  time  and  that 
receiver  noise  is  Gaussian-distrlbuted  thermal  noise.  Therefore,  its 
envelope  has  a Rayleigh  distribution,  and  its  APD  must  be  a straight  line 
on  Rayleigh  paper,  at  the  same  slope  as  that  of  the  noise  from  the  36-dBkT 
noise  source.  From  its  rms  value  we  can,  therefore,  draw  the  receiver 
noise  APD  in  the  appropriate  place  on  the  graph. 

Figure  17  shows  the  APDs  of  the  SRI  receiver  impulse  response 
from  impulses  occurring  60  times  per  second.  In  these  measurements  the 
receiver  gains  were  set  so  that  the  receiver  noise  did  not  exceed  about 
10  mV.  Then  the  level  of  the  Impulse  generator  was  adjusted  so  that  the 
maximum  output  of  the  6-kHz -bandwidth  receiver  was  5 V.  At  that  impulse 
strength  (85  dB  yV/MHz) , the  maximum  output  of  the  receiver  with  the  3-kHz 
bandwidth  was  about  4.2  V,  and  the  maximum  output  of  the  0.5-kHz  bandwidth 
receiver  was  about  1.7  V.  The  computer  processing  indicated  that  the  rms 
value  of  the  receiver  noise  was  far  below  that  of  the  impulse  noise  (by 
from  24  to  38  dB,  depending  on  the  receiver)  and  it  is  sketched  on  the  APD 


in  approximately  the  correct  location. 
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Envelope  Detector  for  the  R1051B 


c . 

The  lower-sideband,  3 kHz-bandwidth,  500-kHz  IF  output  of 
the  R1051B  receiver  was  detected  using  an  external  envelope  detector  system 
The  output  was  taken  from  terminal  E17  of  the  R1051B  IF/Audio  Amplifier 
Electronic  Assembly.  A block  diagram  of  the  envelope  detector  system  is 
shown  in  Figure  18.  The  500-kHz  IF  signal  was  converted  down  to  10  kHz  to 
enable  use  of  an  operational  amplifier  as  an  envelope  detector.  That 
10-kHz  output  from  the  mixer  was  low-pass  filtered,  amplified,  and  then 
envelope  detected.  A 4-kHz  low-pass  filter  was  used  at  the  detector  output 
Figure  19  shows  a plot  of  the  peak  output  voltage  from  the  envelope  de- 
tector versus  the  input  to  the  system  from  an  impulse  generator,  for 
comparison  with  Figure  14. 

C.  Measurement  Procedure 
1.  Setup 

We  positioned  the  antenna  at  a known  distance  from  the  power 
line  to  be  measured  and  used  the  NM-26T  to  make  a preliminary  aural  check 
of  the  power-line  emissions  at  the  proposed  test  frequency,  which  was 
usually  very  close  to  3 MHz.  Selecting  a frequency  clear  of  interfering 
signals,  we  tuned  all  the  receiving  equipment  to  that  frequency. 

We  observed  the  noise  from  the  power  line  on  the  monitor 

oscilloscope  at  each  of  the  envelope  detector  outputs  of  the  SRI  Noise 

Measurement  Receiver  and  adjusted  the  gain  of  each  of  the  IF  channels  so 

that  the  noise  being  received  was  within  that  receiver's  dynamic  range  (see 
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Figure  12).  We  used  the  noise  attenuator  and  the  RF  gain  control  of  the 
R1051B,  so  that  the  noise  into  that  receiver  would  be  at  the  level  re- 
quired for  the  modem  performance  degradation  test,  to  be  performed  later. 

We  attempted  to  keep  both  the  noise  and  the  signal  levels  within  the  linear 
portion  of  the  R1051B  receiver's  dynamic  range.  We  measured  the  noise  level 
at  the  R1051B  upper  sideband,  using  the  USB  rms  voltmeter,  and  logged  the 
readings  for  later  reference. 

2 . Calibration 

The  system  was  calibrated  for  all  tests  in  terms  of  the  noise- 

power  spectral  density  at  the  antenna  terminals.  Our  calibration  source 

was  a Gaussian  noise  source — with  power  spectral  density  of  36  dBkT  into 

o 

a 50-0  load — which  was  .onnected  to  the  transmission  line  at  the  antenna 
terminals.  Appendix  A discusses  theory. 

To  calibrate,  we  disconnected  the  feed  cable  from  the  antenna 
and  substituted  the  Gaussian  noise  source.  When  power  to  the  noise  source 
is  off,  the  source  provides  a 50-0  termination  at  room  temperature  for 
the  receiving  system.  With  the  system  terminated  in  this  manner  and  with 
the  RT618B  transmitter  turned  off,  the  system  noise  levels — as  measured 
by  the  NM-26T  and  by  the  LSB  rms  voltmeter — were  indicated  on  the  chart 
recording  as  receiver  noise.  The  NM-26T  and  the  USB  rms  voltmeter  readings 
were  recorded  on  a log  sheet  as  rms  receiver  noise. 
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After  setting  the  "site  code"  on  the  digital  recording  system 
to  00  as  an  indication  to  the  computer  that  receiver  noise  was  being  re- 
corded, we  recorded  the  system  receiver  noise  for  1 minute  on  the  digital 
recording  system.  Then  we  switched  on  the  power  to  the  Gaussian  noise 
source  and  changed  the  site  (or  run)  code  to  10  to  indicate  to  the  computer 
that  noise  from  the  calibration  noise  source  was  being  injected  into  the 
system.  The  NM-26T  rms  and  LSB  rms  voltmeter  levels  were  identified  as 

36  dBkT  on  the  chart  recorder,  and  we  logged  the  NM-26T  rms  and  V read- 
o d 

ings  and  the  reading  of  the  USB  rms  voltmeter.  We  turned  on  the  digital 
recording  system  for  a period  of  1 minute  to  record  the  calibration  from 
the  Gaussian  noise  source. 

After  that,  we  turned  off  the  power  to  the  Gaussian  noise  source 
and  checked  the  noise  level  on  the  USB  rms  voltmeter  with  the  previously 
logged  reading,  to  make  sure  that  they  were  identical.  Then,  with  the 
RT618B  transmitter  on,  we  adjusted  the  signal  attenuator  for  the  signal-to- 
nolse  ratio  required  for  the  modem  degradation  test.  The  signal  level  was 
read  from  the  USB  rms  voltmeter  and  logged  as  rms  signal.  The  signal  and 
noise  attenuator  settings  were  also  logged. 

This  completed  the  calibration  procedure,  and  so  we  then 
disconnected  the  Gaussian  noise  source  and  reconnected  the  antenna. 

it 

The  site-code  indicator  on  the  receiver  was  originally  Intended  to  provide 
identification  for  tapes  from  numerous  receiver  sites.  (See  Ref.  7.)  We 
used  It  to  identify  calibrations  and  so  on  and  often  refer  to  it  as  the 
run  code. 
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3.  Operation 


With  the  RT618B  transmitter  off,  we  recorded  on  the  log  sheet 
the  reading  from  the  USB  nns  voltmeter  as  the  power  line's  rms  noise  level. 
We  used  that  and  the  previously  logged  rms  signal  levels  to  compute  the 
USB  SNR  at  the  output  of  the  predetection  filter  in  the  URA-17C.  When 
the  system  was  completely  calibrated,  it  was  ready  for  measurements  of  the 
degradation  to  the  modem  (error  rate)  and  the  APD  of  the  noise;  these  could 
be  done  either  independently  or  simultaneously.  At  most  of  the  test  sites, 
we  made  a group  of  error-rate  measurements  at  a selected  SNR  simultaneously 
with  the  noise  APD  measurement. 

The  number  of  bits  that  the  HP  1645  Data  Error  Analyzer  uses  in 

its  calculation  of  the  error  rate  can  be  adjusted  in  powers  of  ten.  Error- 

rate  measurements  made  simultaneously  with  the  APD  run  usually  used  a 
4 * 

sample  size  of  10  bits,  resulting  in  an  Integration  time  of  33.3  s for 
each  measurement,  and  so  error-rate  measurements  were  printed  by  the  digital 
printer  at  approximately  33-s  intervals  during  a 5-minute  APD  measurement 
period. 

After  the  APD  recording  had  been  completed,  we  continued  to 
make  error-rate  measurements  at  a number  of  SNRs  to  construct  an  error- 
rate  curve  for  that  particular  power-line  noise  source.  The  SNR  was  varied 

* 

When  this  is  done,  the  Data  Error  Analyzer  gives  error  rates  expressed  in 
errors  per  10^  bits. 
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from  the  reference  point  by  using  the  noise  and  signal  attenuators. 

Generally,  we  used  a 1-  or  2-dB  step  on  the  signal  attenuator  and  made 

4 

about  five  error-rate  measurements  (each  with  a sample  size  of  10  bits) 

at  the  new  SNR.  We  repeated  that  procedure  at  other  selected  attenuator 

settings,  to  obtain  the  required  number  of  points  for  the  error-rate  curve. 

We  generally  measured  error  rates  in  the  range  from  a low  of  about  2 or  3 
4 

in  10  to  a high  of  about  1 in  10. 


V TEST  RESULTS 


A.  Error-Rate  Measurements 
1 . Background 

This  chapter  contains  the  error-rate  data  measured  as  described 
in  Section  IV-C  and  also  the  simultaneously  measured  APDs  of  the  noise  that 
was  causing  the  errors.  The  noise  was  provided  to  the  measurement  systems 
by  the  same  antenna.  Such  data  were  collected  in  the  vicinity  of  several 
power  lines,  so  we  have  modem  performance  degradation  data  from  gap  sources, 
from  corona  sources,  and,  possibly,  from  a mixture  of  both  sources. 

Our  method  of  controlling  the  SNR  at  the  output  of  the  bandpass 

filter,  just  ahead  of  the  detector,  was  to  use  individual  attenuators  for 

the  signal  and  the  noise  before  they  were  mix.  ’ to  enter  the  receiver.  (See 

Figure  12.)  We  adjusted  this  SNR,  using  the  signal  attenuator  to  obtain  a 

3 

binary  error  rate  of  a few  errors  in  10  . We  logged  the  SNR  obtained  with 
these  attenuator  settings  and  then  immediately  made  the  simultaneous  APD  and 
error-rate  measurements.  Following  that,  we  varied  the  attenuator  settings 
to  gather  error-rate  data  at  other  SNRs.  Removing  1 dB  of  signal  attenuation 
was  considered  equivalent  to  increasing  the  SNR  by  1 dB.  Strictly  speaking, 
this  was  true  only  when  the  rms  value  of  the  noise  was  relatively  stable — 
such  as  when  the  noise  was  from  a Gaussian  noise  diode,  from  an  Impulse 
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generator,  or  from  certain  power  lines.  Some  power  lines  (for  example, 

higher-voltage  transmission  lines)  radiate  noise  that  is  sometimes  very 

stable  in  its  nns  value  over  periods  of  many  minutes;  others  (typically 

lower-voltage  distribution  lines)  sometimes  change  in  noise  output  by  several 

decibels  from  one  second  to  the  next,  as  various  gaps  at  various  distances 

become  active.  Thus,  for  given  attenuator  settings,  the  SNR  will  not  always 

4 

be  the  same  from  one  10  -bit  (33.3-s)  sample  to  another,  and  the  error  rate 
will  vary.  We  always  plot  all  the  error-rate  samples  in  the  graphs  that 
follow,  placing  them  at  the  SNR  that  corresponds  to  the  attenuator  settings. 
It  is  possible  that  ECAC's  chart  recordings  of  the  time  history  of  the  rms 
value  of  the  noise  could  be  used  to  average  the  rms  noise  voltage  over  each 
33.3-s  sample,  so  as  to  determine  the  specific  SNR  applicable  to  each  of 
these  error-rate  samples. 

Figure  20  shows  an  error-rate  curve  made  using  noise  from  our 
Gaussian  noise  source.  At  each  SNR  the  points  clustered  quite  closely;  the 
line  is  drawn  through  the  median  of  these  points.  Also  shown  is  a curve 
from  measurements  made  previously  (Ref.  3)  in  a similar  manner  but  using 
different  receivers,  modems,  and  error-rate  measuring  equipment.  The  SNR  was 
measured  in  tlie  same  manner  at  the  same  point  in  the  URA-17,  but  the  newer 
curve  shows  an  apparent  Improvement  of  about  4 dB  (that  is,  a given  error 
rate  is  obtained  at  an  SNR  about  4 dB  lower  than  before) . We  were  aware 
of  this  discrepancy  as  the  measurements  were  being  made,  and  we  checked  and 
tested  the  equipment  extensively,  but  were  unable  to  determine  the  cause. 
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2. 


Corona  Noise  Sources 


a.  The  Dumbarton  Substation 

Figure  21  shows  the  binary  error-rate  data  measured  near 

the  230-kV  lines  entering  the  Dumbarton  substation.  The  noise  here  was 

4 

generally  quite  stable  from  one  33.3-s  period  (during  which  10  bits  were 
transmitted  at  300  bits/s)  to  the  next,  and  so  the  eight  error-rate  measure- 
ments made  simultaneously  with  the  APD  are  bunched  quite  closely.  Sub- 
sequent error-rate  measurement  points  are  also  bunched  quite  well,  except 
at  the  higher  error  rates  (lower  SNRs) . The  line  was  drawn  to  generally 
follow  the  median  of  the  several  points  measured  at  each  SNR.  During  one 
33.3-s  period  there  was  a sudden  Increase  in  the  noise  level  and  a cor- 
responding jump  in  the  error  rate.  This  is  noted  on  the  plot. 

The  accompanying  APDs  are  shown  in  Figure  22.  Neither 

the  APD  nor  the  F and  V figures  from  the  R1051B  receiver  compare  well 
a d 

with  those  measured  on  the  other  three  receivers.  This  receiver  has  a com- 
paratively narrow  dynamic  range  (the  linear  portion  is  only  about  25  dB 
wide),  and  its  gain  was  adjusted  to  try  to  keep  the  signal  and  the  noise 
within  that  range.  Unfortunately,  that  procedure  sometimes,  as  in  this 
case,  placed  the  calibrating  noise  at  a low  level  that  was  essentially 
Indistinguishable  from  the  receiver  noise.  VHien  noise  of  such  a low  level 
is  digitized,  the  rms  value  of  the  calibrating  noise  falls  somewhere  between 
zero  and  which  is  an  infinite  range  when  logged  for  conversion  to  decibels. 
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DATE  17  MARCH  1975  DURATION  5.0  min  WEATHER:  SCATTERED  CLOUDS 

TIME  1637  POT  RUN  CODE  70  LOCATION  60  ft  FROM  LINE 

SA-3930-41 


FIGURE  22  APDj  OF  POWER  LINE  NOISE  (CORONA)  AT  3.0  MHi,  NEAR  230-kV  LINES 
AT  DUMBARTON  SUBSTATION 


Thus,  the  number  obtained  there  and  identified  as  representing  a power 

spectral  density  of  36  dBkT  at  the  antenna  terminals  was  very  Inaccurately 

o 

located,  making  the  receiver  calibration  unreliable.  This  was  never  a 
problem  with  the  other  receivers. 

b . The  Cupertino  Hillside 

Figure  23  shows  a plot  of  measurements  of  the  binary  error 

rate  caused  by  corona  noise  from  another  pair  of  230-kV  lines.  The  noise 

was  quite  stable  for  the  5-mlnute  period  during  which  the  simultaneous  APD 

and  error-rate  measurements  were  made.  However,  when  the  same  attenuator 

settings  were  used  a half-hour  or  so  later,  it  appeared  that  there  had  been 

a gradual  Increase  in  the  noise,  because  the  measured  points  were  then 

clustered  uniformly  higher  in  error  rate  at  supposedly  the  same  SNR.  The 

chart  record  of  the  rms  value  of  the  noise,  which  was  supplied  to  ECAC, 

would  indicate  whether  this  was  the  case.  Several  high  Isolated  impulses 

of  unknown  origin  were  observed  while  we  ’/ere  measuring  the  5.6-dB  SNR,  and 

the  error  rate  Increased  by  more  than  an  order  of  magnitude  during  that 

particular  33.3-s  period.  At  the  two  higher  S’'Rs  we  had  several  measurement 

4 

periods  in  which  no  errors  were  measured  in  10  bits.  These  are  indicated 
on  Figure  23  by  small  downward-pointing  arrows;  the  associated  numerals 
denote  the  number  of  sample  periods  having  no  errors. 

The  APDs  of  the  power-line  noise  are  shown  in  Figure  24. 


The  power-line  noise  was  15  to  20  dB  quieter  during  this  period  than  pre- 
viously measured  here.  The  difference  is  attributable  to  the  weather; 
most  of  our  measurements  at  the  Cupertino  site  were  made  during  rain,  but 


BINARY  ERROR  RATE 


PERCENT  OF  TIME  ORDINATE  IS  EXCEEDED  PERCENT  OF  TIME  ORDINATE  IS  EXCEEDED 

DATE  19  MARCH  1975  DURATION:  5.1  min  WEATHER  CLOUDY,  RAIN  SEVERAL  HOURS  EARLIER 

TIME  1553  PDT  RUN  CODE  81  LOCATION:  60  ft  FROM  CENTERLINE 

SA-3930-42 

FIGURE  24  APDs  OF  POWER  LINE  NOISE  (CORONA)  AT  3.0  MHz  NEAR  230-kV  LINES 
IN  CUPERTINO 
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these  were  not.  Rain  also  seems  to  increase  the  V ratio — by  about  1 dB. 

d 

Some  comparisons  of  the  APDs  from  different  weather  conditions  are  shown 
in  later  sections. 

c . The  Sunnyvale  Dump 

Figure  25  shows  the  error-rate  measurements  made  near  the 
115-kV  lines  that  pass  through  the  Sunnyvale  Dump.  Although  this  site  had 
been  chosen  for  measuremement  of  corona  noise,  we  strongly  suspect  that  some 
intermittently  active  source  of  gap  noise  was  associated  with  the  line. 

The  noise  was  quite  stable  during  the  period  of  the 
simultaneous  measurement  of  the  error  rate  and  the  APDs,  and  probably  it 
was  all  corona  noise,  except  for  a very  few  isolated  gaplike  Impulses.  The 
error-rate  points  were  grouped  closely  together.  A few  minutes  later,  while 
measuring  the  error  rates  at  other  SNRs,  we  noted  an  Increase  In  the  number 
of  Impulses.  They  were  8 to  10  dB  above  the  background  level,  sometimes 
occurring  singly  and  sometimes  at  a 60-cycle  rate.  On  Figure  25,  the  points 
marked  with  an  X Indicate  33-s  periods  during  which  these  Impulses  were 
occurring.  Then,  although  the  settings  of  the  attenuators  no  longer  ac- 
curately Indicated  the  actual  SNR,  we  plotted  these  points  at  the  SNRs 
derived  from  the  Initial  measurements  and  the  attenuator  settings.  The  line 
on  Figure  25  generally  follows  the  median  of  the  points  for  which  no  gap 
noise  is  suspected.  The  triangle-shaped  points  represent  measurements  made 
with  the  same  attenuator  settings  as  the  measurements  made  simultaneously 
with  the  APD,  but  made  perhaps  20  minutes  later,  when  there  was  some  of  the 
gap  type  noise. 
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Figure  26  shows  the  corresponding  APDs . The  rms  level  of 
the  noise  (measured  before  the  high  impulses  began  to  occur)  was  within 
2 or  3 dB  of  measurements  made  here  while  no  rain  was  falling.  During  rain 
we  had  measured  up  to  10  dB  higher,  with  an  Increase  of  about  0.4  dB  in 

3 . Gap  Noise  Source 

a . Bernardo  Avenue 

The  error-rate  measurements  made  at  the  power  distribution 

lines  (sources  of  gap  noise)  at  Bernardo  Avenue  are  shown  in  Figure  27. 

The  character  of  the  noise  (as  indicated  by  the  NM-26T  rms  and  V meters) 

d 

was  generally  quite  stable  during  the  period  when  the  error  rate  and  the 
APD  were  measured  simultaneously,  and  it  remained  so  for  at  least  a half 
hour  thereafter.  Thus  the  points  resulting  from  the  set  of  error-rate 
measurements  with  a given  attenuator  setting  cluster  closely. 

Although  there  was  a long-term  stability  in  the  noise,  high 
spikes  occurred  two  or  three  times  per  minute.  They  appeared  on  the  monitor 
oscilloscopes  as  isolated  Impiilses  that  exceeded  all  the  others  by  a great 
amount.  The  APDs  of  Figure  28  show  evidence  of  these  impulses.  The  APD 
measured  in  the  R1051B  receiver  is  puzzling,  however:  It  Indicates  that 
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V^:  1.72  dB 
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19  MARCH  1975  DURATION 
1417  PDT  RUN  CODE 


5.3  min  WEATHER  CLOUDY  AND  WINDY,  THREATENING  RAIN 
80  LOCATION;  50  ft  FROM  CENTERLINE 

SA-3930-43 


FIGURE  26  APDs  OF  POWER  LINE  NOISE  AT  3.4  MHz,  115-kV  LINES  AT  SUNNYVALE  DUMP 
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lO'^ 


during  a small  percentage  of  the  period  there  were  noise  samples  about 

■k 

20  dB  above  ar^  of  the  other  samples. 

b.  Ed  Levin  County  Park 

This  distribution  line  produced  noise  with  greatly  different 

characteristics  from  those  of  the  Bernardo  Avenue  line.  Here  the  noise 

(as  discussed  in  Section  IIl-B-5)  sometimes  consisted  of  a single  impulse 

per  cycle  on  the  60-cycle  line  and  sometimes  consisted  of  several.  From 

second  to  second,  the  rms  value  of  the  noise  varied  about  6 dB.  Consequently, 

from  one  sample  period  to  the  next,  the  error  rate  for  any  given  attenuator 

settings  varied  by  an  order  of  magnitude  or  more.  On  Figure  29,  the  points 

were  scattered  so  randomly  that  we  did  not  attempt  to  connect  them  with  a 

4 

line.  At  some  attenuator  settings,  again,  we  observed  no  errors  in  10  bits. 

The  rms  value  of  the  noise  (F  ) was  more  than  10  dB  below 

a 

that  at  most  other  places  where  we  measured,  and  V was  about  1 dB  higher. 

d 

Figure  30  shows  the  APDs  of  the  gap  noise  from  the  line,  measured  at  the 
same  time  as  the  error  rate. 

Figure  30  also  shows  APDs  of  the  impulses  from  an  impulse 
generator  operating  at  a 60  pulse-per-second  rate.  Maintaining  the  same 
gain  settings  that  were  used  for  the  measurement  of  the  gap  noise,  we 

it 

According  to  the  printout,  this  represented  10  samples  out  of  approximately 

66,000. 
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NOISE  VARIED  WIDELY 
(BY  6 dBI  FROM  SECOND 
TO  SECOND 


SIGNAL  TO  NOISE  RATIO  — dB 

SA-2997-24 


i FIGURE  29  BINARY  ERROR  RATES  CAUSED  BY  GAP  NOISE  AT  3.0  MHz, 

ED  LEVIN  COUNTY  PARK 


cl8  ABOVE  rms  OF  THE  OAP  NOISE 


PERCENT  OF  TIME  ORDINATE  IS  EXCEEDED  PERCENT  OF  TIME  ORDINATE  IS  EXCEEDED 
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P APO»  OF  (GAP)  POWER  LINE  NOISE  AT  ED  LEVIN  PARK  AND  OF  IMPULSE 
N'JISF  AT  62  dB  <iV/MHz,  3.0  MHz 
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connected  the  Impulse  generator  in  place  of  the  antenna  and  adjusted  It  so 


that  it  was  providing  pulses  of  the  same  height  (on  the  oscilloscope)  as 

* 

the  power  line's  gap  source.  The  APD  measurement  duration  was  4.9  minutes. 

The  rms  value  of  the  noise  from  the  impulse  generator  was  about  3 dB  below 

that  of  the  gap  noise,  while  V was  several  dB  higher  (depending  on  the 

d 

receiver  bandwidth) . 

We  measured  the  SNR  and  made  error-rate  measurements 

simultaneously  with  the  impulse  noise  APD.  The  SNR  was  8.3  dB,  and  the 

median  of  the  ten  closely  grouped  33.3-s  error-rate  measurements  was 
-3 

4.2  X 10  — essentially  the  same  as  the  median  of  the  measurements  made 

using  the  power  line's  gap  noise  at  an  SNR  about  3 dB  lower, 

c . Agnews  Hospital 

The  noise  at  the  measurement  site  along  the  access  road  to 
Agnews  Hospital  seemed  to  come  from  many  gaps,  multiple  gap  breakdowns,  or 

both.  At  times  the  noise  looked  as  if  it  might  be  corona.  It  was  very  un- 

stable, and  from  minute  to  minute  the  rms  value  changed  by  several  decibels. 
We  made  measurements  directly  under  the  line  and  also  at  a distance  of  50  ft 
(15.2  m). 

Figure  31  shows  the  error-rate  measurements,  and  Figure  32 
shows  the  APDs  made  simultaneously  when  the  antenna  was  under  the  line. 

* 

The  setting  was  62  dBpV/MHz. 
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dB  ABOVE  rms 


Because  the  noise  varied  greatly,  the  points  on  the  error-rate  curve  are 


widely  scattered.  The  APDs  indicate  that  all  four  of  the  receivers  saturated 

on  some  of  the  higher  pulses,  so  probably  neither  the  F nor  the  V com- 
• a d 

putations  are  totally  accurate. 

Measurements  made  at  a distance  of  50  ft  from  the  line  are 

shown  in  Figures  33  and  34.  Again,  the  noise  was  so  unstable  that  the 

error-rate  points  are  widely  scattered.  This  is  particularly  true  for  the 

period  when  the  APD  was  also  measured.  The  error  rate  samples  for  that 

-4  -4 

period  ranged  from  a low  of  91  x 10  to  a high  of  960  x 10  , with  an 

-4 

average  of  232  x 10  over  the  5-minute  period.  The  APDs  of  Figure  34  were 

made  after  the  computer  program  had  been  modified  to  display  the  APD  of 

the  receiver  noise  correctly  as  a series  of  Xs.  Gains  had  been  adjusted 

properly  in  this  instance,  so  that  the  higher  pulses  did  not  saturate  the 

receivers.  The  measured  F values  at  50  ft  were  about  1.5  dB  less  than 

a 

those  measured  directly  under  the  line. 


B.  Decrease  in  Power-Line  Noise  with  Distance 
1.  Background 

Two  sets  of  measurements  were  made  using  the  NM-26T  to  observe 
the  attenuation  of  the  rms  noise  voltage  as  a function  of  distance  away 
from  the  power  line.  Although  numerous  such  investigations  have  been  made, 
the  measurements  have  generally  been  done  using  either  a peak  or  a quasi- 
peak  detector  (for  example,  see  Ref.  9).  Only  a limited  amount  of  distance 
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data  are  available  from  measurements  made  using  an  rms  detector. 

We  made  measurements  at  3 MHz  of  the  noise  from  the  Bernardo  Avenue  power 

distribution  line  and  the  noise  from  the  two  115-kV  circuits  at  the 

Sunnyv,'le  Dump. 

2.  General  Procedure 

Our  procedure  was  to  begin  with  the  9-ft  rod  antenna  placed 

under  the  line  and  then  to  move  away  from  the  line,  making  measurements 

at  various  distances  until  we  judged  that  the  noise  from  the  line  had 

decreased  to  the  level  representative  of  the  background.  We  used  the 

NM-26T's  short  time  constant,  and  at  each  location  we  usually  made  11 

measurements  of  both  the  rms  noise  voltage  and  the  V,  at  15-s  Intervals, 

d 

28 

as  suggested  In  Naval  Shore  Electronics  Criteria.  The  rms  measurements 

were  later  converted  to  F , as  discussed  In  Appendix  A. 

a 

3.  Bernardo  Avenue 

Figure  35  summarizes  the  measurements  made  at  the  Bernardo 
Avenue  site.  The  measurement  locations  were  in  the  field  that  can  be 
seen  In  Figure  5.  This  field  was  covered  with  wet  grass  and  mustard  weeds 
growing  about  a foot  high.  Because  the  field  was  muddy,  we  could  not  drive 
a car  into  It,  and  so  the  3-ft-square  base-plate  of  the  9-ft  rod  antenna 
was  placed  directly  on  the  wet  grass.  Individual  measurements  were  shown 
as  points  on  the  graph,  and  the  line  connects  the  medians  of  the  points 
measured  at  each  distance. 
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HORIZONTAL  DISTANCE  — meters 


When  under  the  line,  we  had  listened  to  the  NM-26T  and  had  become 


accustomed  to  the  sound  of  the  noise  from  the  line.  Several  times  when  we 
were  out  in  the  field,  we  noted  an  abrupt  change  in  the  sound  of  the  noise, 
accompanied  by  increases  of  15  dB  or  more  in  the  rms  value.  Had  our  pur- 
pose been  to  document  the  radio-noise  environment  in  the  field,  we  would 
have  included  these  samples.  However,  since  we  were  measuring  the  falloff 
of  the  power-line  noise,  we  excluded  the  samples  where  the  character  of  the 
noise  had  changed  abruptly  for  no  known  reason.  The  change  may  have  been 
caused  by  noise  from  some  other  source  entirely,  or  it  may  have  been  the 
result  of  a different  gap  source  becoming  active,  as  was  observed  at  other 


places. 


The  noise  from  this  line  seemed  to  be  reduced  to  the  background 


noise  level  at  about  100  ft  from  the  line.  The  background  level,  55  dBkT  , 

o 

is  within  about  1 dB  of  the  median  level  for  a rural  area  at  3 MHz,  as 

14 

estimated  by  Spaulding  and  Disney.  The  samples  discarded  at  300  ft  were 


about  60  dBkT  (6  dB  above  the  background) . 
o 

Lauber  showed  measurements  of  the  noise  from  a 12.5-kV  line  at 

27 

2.5  MHz  that  agree  very  well  with  Figure  35.  He  showed  a level  of  about 

59  dBkT  at  50  ft  and  the  same  falloff  rate  (20  dB  per  decade)  to  a back- 
o 

ground  level  of  about  43  dBkT  at  300  ft.  That  level  is  appropriate  for  a 

o 

quiet  rural  area. 

The  V values  were  in  the  range  1.5  to  2.0  dB  and  did  not  show 
d 

any  noticeable  trend  as  we  moved  away  from  the  line  and  into  the  field. 
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4 . Sunnyvale  Dump 

Figure  36  shows  the  distance  attenuation  measurements  made  at 

the  115-kV  lines  at  the  Sunnyvale  Dump.  The  noise  was  about  10  dB  higher 

than  we  had  usually  observed  there,  and  it  was  very  stable;  the  rms  meter 

varied  by  0.5  dB  or  less  at  each  distance,  and  V remained  at  just  over 

d 

1 dB.  Aside  from  an  exploratory  day,  before  we  began  full-scale  measure- 
ments, this  was  the  only  day  that  the  weather  was  bright  and  sunny  when  we 
were  at  this  location.  On  this  clear  day  we  would  have  expected  the  noise 
to  be  considerably  lower  than  on  the  rainy  days,  rather  than  higher,  this 
being  a well-known  characteristic  of  corona  noise.  Gap  noise,  on  the  other 
hand,  is  likely  to  be  greatly  decreased  in  damp  weather.  Although  corona 
noise  is  prevalent  on  lines  at  this  voltage  and  above,  gap  sources  can 
exist.  Possibly  the  major  source  here  in  rainy  or  damp  weather  was  the 
corona,  while  on  this  sunny  day,  some  gap  noise  sources  became  active.  On 
lower-voltage  lines  with  no  accompanying  corona,  we  had  observed  the  phe- 
nomenon of  gaps  turning  off  and  on. 

The  noise-power  spectral  density  directly  under  the  line  was 
about  77  and,  with  Increasing  distance,  the  noise  appears  to  have 

been  leveling  out  at  about  59  to  61  dBkT  . This  is  higher  by  5 or  6 dB 

o 

than  the  noise  levels  we  measured  quite  close  to  the  line  on  some  other 


days.  A background  of  40  to  50  dBkT  would  be  expected  in  this  relatively 

o 

14 

rural  area,  and  so  we  have  to  surmise  that  there  were  other,  unrecognized, 
sources  of  noise  in  the  area,  such  as  activities  in  other  parts  of  the  dump. 


( 


The  groups  of  points  at  about  18  ft  and  110  ft  on  Figure  36 
represent  the  preliminary  measurements  made  on  another  clear  day. 

C.  Comparison  of  NM-26T  Readings  with  Computed  Results 

During  most  of  our  measurements  of  the  APD  of  the  power-line  noise  we 

also  noted  the  readings  of  the  rms  and  the  V meters  on  the  NM-26T  radio 

d 

noise  meter.  This  was  a single  observation  made  in  addition  to  recording 

the  time-varying  outputs  of  both  the  rms  and  the  V meter  on  the  chart  re- 

d 

corder,  as  described  elsewhere.  The  NM-26T  (and  its  predecessor,  the 
31 

modified  NM-25T  ) are  commonly  used  for  noise  measurements  by  the 
23-“26  28  27 

Navy,  ’ and  also  in  Canada.  A comparison  of  the  results  from  this 

analog  meter  (whose  operation  is  explained  in  Refs.  28  and  31)  with  results 

from  the  other  receivers,  which  calculate  rms  and  V values  using  digitized 

d 

samples  of  the  waveform,  would  be  of  value  to  the  noise  measuring  and  model- 
ing community. 

Generally  we  logged  the  NM-26T's  rms  and  V meter  readings  at  the 

d 

beginning  of  each  5-minute  APD  measurement . The  rms  meter  on  the  NM-26T 

can  be  read  to  about  the  nearest  0.2  dB,  and  the  V meter  can  be  read  to 

d 

about  the  same  accuracy,  when  both  are  stable.  When  the  noise  is  varying, 
as  is  usually  the  case  with  our  power-line  noise,  selection  of  a repre- 
sentative reading  requires  considerable  judgment,  and  some  error  is  likely. 

The  rms  and  V values  from  each  of  the  three  SRI  receivers  were 
d 

available  only  after  computer  processing,  as  discussed  in  Chapter  IV. 
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Figure  37  is  a scatter  plot  showing  the  rms  noise  voltages  measured 

by  both  receiver  systems  and  converted  to  actual  F . The  plot  does  not 

a 

include  F measurements  made  by  digitizing  the  output  of  the  R1051B  receiver, 
a 

because  those  measurements  were  generally  far  out  of  agreement  with  those 

made  with  the  SRI  receivers  or  the  NM-26T.  The  plot  shows  three  points 

(from  three  SRI  receivers  with  different  bandwidths)  for  each  F reading 

a 

from  the  NM-26T.  Because  we  were  measuring  power  spectral  density  (watts/Hz), 

all  the  receivers  should  have  agreed.  Irrespective  of  bandwidth.  The  three 

SRI  receivers  agreed  within  a few  tenths  of  a decibel,  except  for  two  very 

noisy  instances  (at  the  Dumbarton  site)  , where  the  spread  was  slightly  more 

than  2 dB.  The  same  9 -ft  vertical  rod  antenna  was  used  for  both  systems, 

and  they  were  calibrated  using  the  same  Gaussian  noise  source.  This  plot 

represents  measurements  from  several  power  lines  (with  both  gap  noise  and 

corona  noise)  at  several  distances.  Most  of  the  measurements  were  made  at 

3.0  MHz,  but  some  were  at  3.4  MHz.  The  agreement  in  F values  is  very  good, 

a 

considering  that  the  NM-26T  reading  was  made  at  the  beginning  of  a 5-minute 

period,  whereas  the  SRI  receivers  averaged  over  the  entire  5-minute  period, 

during  which  the  noise  would  generally  vary  by  several  decibels. 

Figure  38  shows  the  comparison  of  V readings  of  power-line  noise  made 

d 

on  the  NM-26T  with  the  computed  value  of  V from  one  of  the  SRI  receivers. 

d 

The  agreement  was  generally  within  1 dB,  and  the  points  are  so  scattered 

that  no  clear  trend  of  one  system  yielding  larger  values  of  V is  notice- 

d 

able.  (We  would  expect  a wideband  system  to  provide  greater  V ratios  than  a 

d 
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narrow-band  system.)  For  the  measurements  shown  In  this  comparison,  our 

wldest-bandwldth  receiver  (6  kHz)  was  used;  a similar  plot  for  measurements 

with  our  3-kHz  bandwidth  receiver  Is  almost  Identical  and  Is  not  shown. 

Figure  39  shows  a comparison  of  the  V values  measured  on  the  6-kHz- 

d 

bandwidth  and  3-kHz-bandwldth  digitizing  receivers,  and  Figure  40  shows  a 

similar  comparison  for  the  6-kHz-bandwldth  and  300-Hz-bandwldth  digitizing 

receivers.  Here  the  wlder-bandwldth  receiver  definitely  provides  a greater 

V . The  difference  appears  to  be  greater  at  higher  values  of  V . 
d d 


D.  The  Effect  of  Rain  on  the  APDs 
1.  Background 

It  is  commonly  known  that  precipitation  on  high-voltage  power 

transmission  lines  (those  subject  to  corona)  causes  the  noise  to  Increase. 

17,19-22 


The  noise  has  generally  been  measured  using  a quasl-peak  meter. 


and 


Increases  of  about  20  dB  have  typically  been  noted  during  rain.  Moreau  and 
32 

Cary  recognized  Che  "essential  instability  of  Che  radio  noise  level  (RI) 

generated  by  a transmission  line,"  although  they  noted  chat  a particular 

line's  noise  level  during  heavy  rain  ^ stable  and  reproducible  for  rain 

Intensity  greater  than  about  1 mm/hr.  They  considered  the  noise  level 

under  heavy  rain — which  is  practically  the  maximum — to  be  the  "basic  level 

23 

of  a line"  for  use  in  making  predictions.  Although  Hagn  made  some  measure 

ments  of  Che  rms  value  of  power-line  noise  from  the  same  line  in  dry  and 

13  15 

rainy  conditions,  and  Disney  and  Longley  and  Lauber  have  measured  APDs 
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of  power-line  noise,  we  believe  that  Che  following  are  the  first  reported 
measurements  of  power-line  APDs  and  rms  levels  chat  enable  comparisons  to 
be  made  for  dry  and  rainy  weather. 

2.  230-kV  Lines  at  Cupertino 

The  APDs  of  Figtire  41  were  all  made  within  about  2 ft  of  a 

spot  60  ft  (about  18.3  m)  from  the  centerline  of  the  230-kV  lines  at  our 

Cupertino  measurement  location.  We  used  our  Judgment  in  grading  the  rain 

intensity  from  no-rain  through  heavy  rain;  no  measurements  of  rain  intensity 

were  made.  All  three  SRI  receivers  indicated  an  increase  of  about  20  dB 

in  F and  an  increase  of  about  1 dB  in  V . from  Che  no-rain  sample  of  19 
a d 

March  to  the  heavy-rain  sample  of  7 March. 

Note  chat  the  no-rain  sample  does  not  represent  a situation  when 
the  line  could  be  considered  completely  dry  and,  therefore,  possibly  at 
its  quietest  state.  The  measurement  was  made  in  late  afternoon  during 
cloudy  weather.  There  had  been  no  rain  since  morning,  but  rain  appeared 
likely  at  any  moment;  it  is  possible  that  rain  was  falling  on  portions  of 
the  line  within  a few  miles.  All  the  no-raln  APDs  indicate  a sudden  upturn 
(unusually  high  amplitudes  for  a small  percentage  of  the  time),  but  the 
RIOSIB  receiver  indicates  that  three  samples  out  of  approximately  60,700 
(0.005Z)  were  about  20  dB  above  what  would  be  expected.  We  do  not  under- 
stand this,  and  we  suspect  some  malfunction  associated  with  that  receiver, 
which  had  a relatively  narrow  dynamic  range. 
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The  llght-raln  meapurement  was  taken  when  rain  had  begun  to  fall 
after  a dry  hour  or  so.  Prior  to  making  tliat  data  sample,  we  had  watched 
the  rms  meter  on  the  NM-26T  steadily  climb  3 or  A dB  within  a period  of 
about  10  minutes  while  rain  appeared  to  be  falling  a mile  or  so  away  over 
the  hill.  This  implies  that  the  noise  must  propagate  along  the  line  from 
its  actual  source;  the  noise  propagating  through  the  intervening  space 
would  be  greatly  attenuated.  As  the  rain  began  at  our  location,  we  observed, 
on  the  monitor  oscilloscope,  an  Increase  in  the  rate  of  occurrence  of  re- 
ceived Impulses.  We  could  also  watch  the  NM-26T's  rms  meter  reading 
Increase  and  decrease  In  correspondence  with  the  intensity  of  the  local 
rain.  Instrumentation  that  would  measure  the  instantaneous  rain  Intensity 
could  be  used  to  determine  the  relationship  between  the  rain  intensity  and 

F . 
a 

The  heavy-rain  sample  was  started  about  10  minutes  after  the 
moderate-rain  sample  had  been  completed,  and  its  rms  value  was  about  6 dB 
higher.  After  we  had  made  the  first  measurement,  we  noticed  that  both  the 
rain  intensity  and  the  NM-26T's  rms  meter  level  had  increased.  Probably  the 
level  was  changing  during  the  5-minute  durations  of  both  these  APD  measure- 
ments. At  any  rate,  the  values  we  report  always  represent  integrations  over 
the  measurement  time  durations. 

Figure  42  shows  APD  measurements  made  at  a distance  of  100  ft 
(30.5  m)  from  the  same  230-kV  power  line;  again,  an  Increase  of  about  20  dB 
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FIGURE  42  APDs  OF  CORONA  NOISE  NEAR  230-kV  LINES  (CUPERTINO)  WITH  AND 
WITHOUT  RAIN,  3.0  MHt 


in  the  F Is  apparent  from  no-raln  to  rain.  Both  these  samples  were 
a 

measured  on  days  for  which  we  also  had  data  at  the  closer  distance.  The 
no-rain  sample  on  Figure  42,  labeled  bright  and  sunny,  was  made  Just  a half- 
hour  before  the  light-rain  sample  of  Figure  41  and  about  a half  hour  follow- 
ing an  earlier  shower.  During  this  measurement  we  noted  high  spikes  occurring 
randomly  at  a rate  of  several  per  second;  they  are  represented  by  the  upturn 
in  the  APD  at  the  low-probability  end.  When  the  rain  began  (the  light-rain 
curve  of  Figure  41),  the  rate  of  occurrence  of  these  spikes  increased.  The 
"raining"  sample  at  100  ft  (30.5  m)  was  started  about  20  minutes  after  the 
heavy-rain  sample  had  been  measured  at  30  ft  (18.3  m).  The  value  of  F 

a 

was  about  2.9  dB  lower,  but  we  cannot  tell  how  much  of  that  change  was  the 

result  of  the  increased  distance  and  how  much  might  have  been  caused  by  a 

change  in  the  rain  intensity. 

3.  115-kV  Lines  at  the  Sunnyvale  Dump 

Figure  43  shows  an  interesting  series  of  measurements  made  30  ft 

from  the  113-kV  lines  at  the  Sunnyvale  Dump.  The  three  samples  labeled 

no-rain-A,  -B,  and  -C  were  obtained  in  succession  over  a period  of  about  a 

half  hour  as  a rain  shower  seemed  to  be  approaching  the  measurement  site. 

For  the  no-rain-A  sample,  we  classified  the  weather  as  windy  and  damp  but 

not  raining  and  then  noted  that  the  noise  was  Incroasing.  Ten  minutes 

later,  when  the  no-raln-B  sample  was  begun,  we  noted  that  rain  showers  were 

falling  on  the  line  several  miles  away.  The  value  of  F Increased  by  about 

a 
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I 

2 (IB.  The  no-raln-C  sample  was  started  13  minutes  after  the  start  of  the 
previous  one,  while  there  still  was  no  rain  a£  the  measurement  location 
but  rain  was  falling  on  other  sections  of  the  line.  The  value  of  F 

a 

(over  the  sample  period)  had  Increased  by  about  another  2.S  dB. 

The  heavy-raln  sample  was  measured  on  another  day.  Some  very 
small  hail  was  also  failling  at  the  time. 

4 . 230-kV  Lines  at  Dumbarton  Substation 

The  measurement  location  under  the  230-kV  lines  entering  the 
Dumbarton  Substation  was  the  noisiest  site  we  found.  At  our  spot  about 
I SO  ft  from  the  lines,  the  corona  was  generally  clearly  audible  (that  is, 

^ as  audio  noise  in  addition  to  radio  noise).  The  difference  in  the  radio- 

noise level  between  a no-rain  and  a very-heavy-raln  sample  was  less  here 
than  at  other  locations.  Also,  there  was  greater  variation  from  one  re- 
ceiver to  another  than  we  had  observed  elsewhere.  The  sample  labeled 
"windy"  on  Figure  44  was  made  as  the  surroundings  were  drying  out  after  a 
shower  earlier  in  the  morning.  The  main  difference  between  it  and  the  rain 
sample,  made  during  drenching  rain  and  a high  wind,  seems  to  be  that  the 

I 

windy  situation  shows  a higher  V . The  no-rain  sample  (when  the  wind  was 

d 

not  particularly  noticeable)  has  a higher  V than  either  of  the  other  two 

d 

samples. 

Elsewhere  we  had  noticed  that  V was  generally  higher  during 

d 

• rain  and  had  found  a much  stronger  correspondence  between  F^  and  rain 

I 

I 

! 

I I 
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FIGURE  44  APD«  OF  CORONA  NOISE  UNDER  230  kV  LINES  (DUMBARTON  SUBSTATION) 
IN  SEVERAL  WEATHER  CONDITIONS.  3.0  MHz 


intensity  then  we  observed  at  the  Dumbarton  site.  We  do  not  yet  understand 
these  differences. 

E . Comparison  of  Two  Samples  at  Ed  Levin  County  Park 

Although  the  short-term  (second-to-second)  characteristics  of  gap-type 

power-line  noise  may  vary  widely,  we  have  observed  that  the  characteristics 

averaged  over  a longer  term  are  sometimes  quite  stable.  As  mentioned 

before,  the  power  distribution  line  at  Ed  Levin  Park  displayed  second-to- 

second  variations  of  6 dB  or  so  in  the  rms  value  of  the  noise  as  the  number 

of  active  gap  sources  changed.  Figure  45  shows  APDs  of  that  extremely 

variable  noise  made  about  23  minutes  apart.  The  APDs  are  almost  totally 

superimposed,  and  the  computed  rms  values  agree,  at  worst,  within  0.6  dB. 

The  V parameter  was  slightly  higher  on  the  first  sample, 
d 

Having  noted  the  similarity  of  the  two  5-mlnute  samples,  we  decided  to 
process  less  than  the  entire  5 minutes  of  one  sample,  for  comparison.  The 
subsample  was  1.4  minutes  long,  and  its  APD  was  essentially  Identical  to 
that  of  the  5.0-minute  sample.  The  corresponding  values  of  F and  V are 

d Q 

shown  in  Table  3,  where  it  can  be  seen  that  the  1.4-mlnute  subsample  was 

slightly  quieter  than  the  average  of  the  entire  5.0  minutes.  The  difference 

becomes  less  as  the  bandwidth  narrows.  The  V parameter  was  the  same  within 

d 

a few  hundredths  of  a decibel. 
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FIGURE  45  APD«  OF  GAP  NOISE  DEMONSTRATING  STABILITY  OVER  MANY  MINUTES 
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Table  3 

COMPARISON  OF  PARAMETERS  FROM  A 5.0-MINUTE 
SAMPLE  AND  A 1.4-MINUTE  SUBSAMPLE 


Receiver  3-dB 

Bandwidth 

F 

a 

(dBkT  ) 

0 

(dB) 

Sample 
(5.0  min) 

Subsample 
(1.4  min) 

Sample 
(5.0  min) 

Subsample 
(1.4  min) 

6 kHz 

46.4 

45.4 

4.59 

4.50 

3 kHz 

46.6 

45,7 

4.24 

4,11 

500  Hz 

46.2 

45.8 

2.45 

2.50 

3 kHz  (R1051B) 

48.9 

48.0 

3.54 

3.35 
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CALIBRATION  OF  NOISE  MEASUREMENTS  TO  OBTAIN  F 

a 

1.  Introduction 

All  the  noise  measurements  made  with  the  NM-26T  receiver  and  with 
the  SRI  Noise  Measurement  System  Involve  rms  voltage  measurements  using  an 
electrically  short  vertical  monopole.  A very  useful  way  to  present  such 
data  Is  In  terms  of  the  power  spectral  density  (watts  per  hertz)  of  the 
noise  available  from  such  an  antenna.  This  appendix  shows  how  we  converted 
rms  voltage  measurements  to  the  more  universally  useful  power  spectral 
density  form. 

Because  we  calibrated  our  system  at  the  antenna  terminals  and  because 
of  the  complexity  of  the  combined  hardware/software  system,  we  divide 
this  dlsucsslon  Into  two  parts.  The  first  deals  with  calibration  of  the 
system  from  the  antenna  terminals  Inward;  the  second  treats  the  system 
from  the  antenna  terminals  outward. 

2 . Calibration  of  the  APDs  from  Antenna  Terminals  Inward 

The  noise  envelope  voltage  from  each  of  the  four  receivers  was 
digitized  at  the  rate  of  200  times  per  second  and  placed  on  magnetic  tape 

* 

This  procedure  and  the  equipment  have  been  discussed  at  great  length  In 
Refs.  3 and  7.  The  computer  program  Is  listed  In  Appendix  B. 
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for  computer  processing.  As  each  noise  envelope  sample,  e,  was  obtained 
by  the  computer.  It  was  converted  to  a relative  decibel  figure  by  E “ 

20  log  e.  A 5-minute  data  collection  run  results  in  60,000  of  these 
samples.  A number  of  2-dB-wide  cells  had  been  established,  and  each 
sample  was  then  allocated  to  the  appropriate  cell.  Dividing  the  number 
of  counts  in  each  cell  by  the  total  number  of  samples  in  the  data  collection 
run  converts  the  data  in  the  cells  into  a noise  amplitude  density  array. 

The  percentage  of  samples  that  fell  within  each  cell  is  indicated.  Start- 
ing at  the  high-amplitude  end  of  the  array  of  bins,  the  computer  accumulates 
percentage  proceeding  in  2-dB  steps  to  the  low-amplitude  end.  After  each 
2-dB  step,  the  percentage  of  samples  that  are  above  that  level  is  known; 
by  the  time  the  low-amplitude  end  is  reached,  100%  cf  the  samples  have  been 
accumulated,  and  the  data  for  an  as-yet-uncalibrated  APD  are  available. 

Only  one  point  must  be  calibrated  to  calibrate  the  entire  APD.  By 
finding  the  E (relative  dB)  that  our  system  computes  for  some  signal  of 
known  power  spectral  density,  all  other  points  on  the  APD  can  be  related 
to  that  known  point.  For  calibration,  we  used  a Gaussian  noise  source 

whose  power  spectral  density  into  a 50  0 load  was  36  dBkT  . Connecting 

o 

this  noise  source  in  place  of  the  antenna  and  recording  data  for  a minute 

or  so  gives  about  12,000  samples,  from  which  we  can  compute  a relative  dB 

number,  E , representing  the  rms  value  of  the  sampled  envelope  of  the 
36 

noise  source.  So 
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10  log 


(A-1) 


E 


36 


20  log  e 

rms 


corresponds  to  a noise-power  spectral  density  of  36  dBkT  at  the  antenna 

o 

■k 

terminals.  We  use  the  known  input  power  spectral  density,  P,  = 36  dBkT  , 

k o 

and  the  system's  relative  dB,  £^6’  ^ calibration  factor  K dB  from 


K . -36  . 


(A-2) 


Then  K can  be  used  to  convert  any  other  relative  dB  reading  E to  dBkT  at 

o 

the  antenna  terminals  by 


P = E - K dBkT  , (A-3) 

o 

thus  calibrating  the  APD  from  the  antenna  terminals  inwards. 

When  measuring  the  power-line  noise,  the  computer  also  calculates 

the  rms  value  of  that  noise  and  converts  it  to  a power  spectral  density, 

P , at  the  antenna  coupler,  according  to  Eq.  (A-3)  above.  Subtracting  the 
nc 

rms  value  from  each  point  of  the  APD  enabled  us  to  plot  the  APD  in  dB 

relative  to  its  own  rms  value.  That  rms  value  can  also  be  converted  to 

the  effective  noise  factor  F , as  described  in  the  next  section  of  this 

a 

appendix. 


Strictly  speaking,  this  is  not  at  the  antenna  terminals,  but  at  the 
antenna  coupler  terminals. 
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3.  Determination  of  F from  our  Calibrated  Measurements 

a 

it 

The  noise  power  spectral  density  In  watts  per  hertz  available  from 
an  equivalent  loss-free  antenna  can  be  expressed  in  terms  of  an  effective 
noise  factor:^^ 


F 

a 


10  log  f 

a 


dBkT 

o 


(A-4) 


where 

p = the  mean  noise  power  spectral  density  available  from  a short 
lossless  vertical  antenna,  in  watts  per  hertz 

-23 

k = Boltzmann's  constant  = 1.38  x 10  joules  per  °K 

T = reference  temperature  “ 288  ®K 
o 

(a)  F on  the  APD 
a 

When  measuring  the  APD  of  the  noise,  we  calibrate  at  the  output 

terminals  of  the  antenna  coupler  using  a Gaussian  noise  source  with  known 

power  spectral  density  and  then  actually  measure  p , the  noise  power 

nc 

spectral  density  at  the  terminals  of  the  antenna  coupler  circuit.  At  3 MHz, 
according  to  the  antenna  manufacturer's  literature,  the  coupler  insertion 
loss  is 


F is  also  commonly  used  to  represent  the  noise  power  in  a 1-kHz  bandwidth, 
a 

That  F is  numerically  30  dB  greater  than  our  noise  power  spectral  density, 
a 


AF 


16.3  dB 


(A-5) 


so 


10  log 


ik) 


+16.3  dBkT 


(A-6) 


The  quantity  10  l 


or  F dBkT  , Is  available  from 
nc  o 


the  computer  as  the  rms  value  of  the  APD,  and  so  we  must  add  16.3  dB  to 

convert  that  value  to  the  actual  F for  our  antenna.  The  antenna  Itself, 

a 

a 9-ft  (2.7A-m)  rod.  Is  short  compared  to  a wavelength  ( X“  100  m at  3 MHz); 

therefore  our  corrected  F values  are  appropriate  for  a short  vertical 

a 

antenna. 

(b)  F from  the  NM-26T 
a 

We  can  convert  rms  noise  readings  made  on  the  Singer  NM-26T 
receiver  in  exactly  the  same  manner  if  it  is  calibrated  using  the  Gaussian 
nclse  source.  However,  when  the  NM-26T  is  usad  without  that  calibration 
source,  a different  approach  is  needed.  Equation  (A-4)  can  be  rewritten 
(see  Refs.  23  through  29)  as 


F - E - 20  log  f +95.5  dBkT 
a nl  MHz  o 


(A-7) 
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where 


E “ equivalent  vertically  polarized  groundwave  rms  noise 
field  strength,  dB  > IpV/m  in  a l-Kz  bandwidth 

f = measurement  center  frequency  in  megahertz. 

MHz 

Because  we  do  not  generally  measure  the  noise  in  a 1-Hz  bandwidth,  a 
conversion  factor  is  required  to  account  for  the  measurement  bandwidth,  b Hz. 
Therefore 


E = E - 10  log  b 
nl  n 


dB  > uV/m  , 


(A-8) 


where 

E = equivalent  vertically  polarized  groundwave  rms  noise  field 
strength,  dB  > luV/m,  in  the  measurement  bandwidth  b. 

Typically  an  equivalent  noise  power  bandwidth  b = 4 kHz  is  considered 
23  2 A 27 

appropriate  ’ ’ for  the  NM-26T  (and  modified  NM-25Ts)  and  our  measure- 

ments indicated  a 3.9-kHz  noise  power  bandwidth,  so  we  evaluate  Eq.  (A-8)  as 

E = E - 36  dB  > yV/m  . (A-9) 

nl  n 


Now  we  have  to  account  for  the  effects  of  all  the  hardware  items  interposed 
between  the  electromagnetic  field  and  the  voltage  that  we  read  on  the 
NM-26T'8  meter.  We  use  a number  of  factors  thus: 

E - MR  + AF  - EH  + CL  dB  > yV/m  , (A-10) 
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where : 


MR  = NM-26T  meter  reading  in  dB  > luV  (Including  the  effect 
of  the  internal  attenuators) 

AF  = antenna  coupler  insertion  loss  in  dB 

EH  = antenna  effective  height  factor  in  dB/m 

CL  = cable  insertion  loss  in  dB. 

As  mentioned  above,  at  3 MHz,  AF  * 16.3  dB  for  the  9-ft  rod  antenna  we 

used.  At  3 MHz,  the  loss  (CL)  in  our  30-ft  RG58  feedline  is  about  0.2  dB. 

The  effective  height  factor  for  the  9-ft  rod  is  approximately  EH  = 2.8  dB 

above  1 m;  this  is  the  theoretical  figure  (based  on  half  the  physical 

height)  for  a short  vertical  monopole  above  an  infinite,  perfectly  conduct- 

24  27 

ing  ground  plane.  On  the  basis  of  measurements  by  Hagn  and  by  Lauber 
this  is  a reasonable  EH  to  use  when  the  antenna  is  placed  atop  an  automobile, 
as  it  was  in  almost  all  our  tests.  Therefore  we  evaluate  Eq.  (A-10) 
as 


E = MR  + 13.7  dBpV/ra  (A-11) 

n 

Then  we  can  combine  Eqs.  (A-7),  (A-9) , and  (A-11)  to  obtain 

F - MR  + 73.2  -20  log  f dBkT  (A-12) 

a MHz  o 

We  made  our  measurements  at  3.0  MHz,  so  for  our  uncalibrated  NM-26T 
measurements 

F - MR  + 63.7  dBkT  . (A-13) 

a o 
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Appendix  B 

COIPUTER  PROGRAM  LISTINGS  FOR  SRI  NOISE  MEASURING  SYSTEM 


PAQt 


115 


I" 


I** 


Mfcthrj  M»>r  fi  KA  f I'^»  cn^f  »tv  j<i»«*irf  !»  jas,* 


r TA  rpj»  T < TAMir  i»  vaiii^  a».0  to  Affn»*onAT»  • Taa^  InH'I, 

r T'»‘HT  TAM»  T*  T r*.A»N»L  »»■  P LAMfLfU 

r TA..r  !«  lA^'FLlP  7'»<»Tl  (jANlAMV,  I«*TSj 

r wwr.ifrT  (fArf*-  • ttpa  ^Mr»'N»wr,  ►wo.jrrt  »«(<uuf  t.  . fu^i. 


f ••  ^lflP  rA^  Ml  Ml-  TA^r  MKfT  ‘►Tl  71  ••• 


7P 

r 

• 

A 

1? 

r • 

A 

1 J 

r 

A 

|A 

r« 

• •• 

A 

IN 

r 

• 

A 

U 

?s 

r 

ir.KlU  VAWTAHI  FS 

• 

A 

17 

r 

• 

A 

IP 

r 

tr  AI.M1 

• 

OA|Cr  CA|  IMPATIPI.  fCAO  (P  • AONf.  1 • ffIST«| 

• 

A 

IQ 

r 

If •L“? 

OTHfP  fAl  IHPATIPO  ILAf«  ((  • hONt  , 1 • HfSTSl 

• 

A 

?rt 

r 

IrM(. 

« 

VI  Tr  fMAMir  iiAf.  (II  » CAMr  siTi*  | ■ fNANPF  n. 

STTF  1 

• 

A 

71 

1- 

r 

imi 

• 

» Mi-Ml -f  TLI  M Af-  ((■  • A-Ot  1 • TfSI 

• 

A 

7? 

r 

!•  T 

k.MMU|.Q  PI  T|'-IS  FN(jATA  fAMtr*  MIVOAf.F  PO!^Tf(^ 

f AfM 

• 

A 

/y 

f 

1 OP  f ALLS. 

• 

A 

7a 

r 

TL 

« 

NiiHPra  Of  1 AST  StTf 

• 

A 

7P 

r 

loots 

« 

MlCffVFM  NOISI  KAO  (0  ■ NPNf  • 1 • filSTS) 

• 

A 

IS 

r 

jcprs 

PUOriSCIlO  fl  Au  (fATA  AtTM  S|Tf  fOfJ  S r.uiATFo  IMAN  IP»CS 

• 

A 

77 

r 

,tlt  PMnCfSSfP  AOr  PlOTTtP,  U»HfPS  wttl  NOT) 

• 

A 

?► 

r 

JCfOPl 

VTTf  rn(.f 

• 

A 

7Q 

r 

NCI  1 C 

minMim  Of  n-TA  SfTS  TO  t.f  AOAl.V/Fp  STAOTINO  aT 

SPFCIT  IFO 

• 

A 

3rt 

r 

TIMF 

• 

A 

31 

Art 

r 

OT 

• 

PI  IO,lAlSO?OA» 

• 

A 

J7 

r 

• 

A 

33 

r « 

»*1 

>•• 

A 

3A 

r 

A 

1*- 

Cf 

• mON  / lALfO  / AVP«''SUiA)«  PPM  (Ml 

A 

JP 

aS 

e 

A 

37 

r • 

• • 

• •• 

A 

3P 

<• 

• 

A 

3Q 

<• 

CAi  th  rOPMOA*  vaPIAPLFS 

• 

A 

4P 

r 

• 

A 

41 

So 

r 

AvO^SO 

■ 

fALTMPATTOAj  or  Prrflvfp 

• 

A 

47 

r 

Mp»i 

■ 

onicr  MAA.o  «|otm  in  mFPT/ 

• 

A 

43 

r 

• 

A 

44 

r 

A 

• 4 

A** 

fflMHfl^  / fOf-Cf  / PfriA 

A 

47 

r 

r 

• • 

• • • 

A 

A 

*P 

40 

r 

• 

A 

SP 

f 

roAiST  roMMON  vaMIahiFS 

• 

A 

SI 

or 

r 

• 

A 

S7 

r 

Pin* 

• 

O».f-FOHPTM  P? 

• 

A 

S3 

r 

• 

A 

«•* 

r 

• • 

• •• 

A 

r 

A 

N4 

os 

rpMMpA  / fPNTMi  / IPPI^ 

A 

S7 

r 

A 

SA 

r 

• • 

• •• 

A 

SO 

r 

• 

A 

NO 

r 

tOfiTML  COPPOK  VAPIAHIFS 

• 

A 

►1 

7rt 

r 

• 

A 

N? 

r 

fPPIO 

• 

MPIAIT  rtAO  ((  ■ A,0  HrAPlNOC  PPtNTfO*  1 ■ P^lAiT 

HF  AOlNOSI 

• 

A 

63 

r 

• 

A 

N4 

r 

• • 

• •• 

A 

NS 

r 

A 

SN 

7*» 

r 

• • 

• •• 

A 

7« 

r 

A 

7n 

rpMPno  / PICT  ^ »'UP*  NTt  ♦ P) 

A 

77 

r 

A 

7P 

r 

• • 

• •• 

A 

79 

•*9 

r 

• 

A 

HO 

r 

PI  01  COPPOA.  VARlAHlIS 

• 

A 

PI 

r 

• 

A 

P7 

r 

NPP 

■ 

AillMMfU  ur  HfOS  liu  SfAir 

• 

A 

H3 

r 

><Tl 

■ 

(iliMPril  or  POINTS  PFM  PffFIVtP  IN  FAfP  PAfOMO  OA 

PATA  TaPF 

• 

A 

M4 

MS 

r 

PrfNSA 

• 

prcrfvrp  NPisr  Apn 

• 

A 

HO 

r 

r 

• • 

• 

• •• 

A 

A 

H4 

«7 

1 17 


f 

i nwtiBio  aoi 


niABLE 


I 


Of' 


0*' 


l o« 


1 1 '• 


I?** 


I 


J*** 


«s 


ISO 


ISS 


isn 


ITC 


J TS 


rrt**Mpr  /tc<>-nun/  , fCAvs*.  i s*  ««  « 

j I i » r , r.h^  T „ 

^ * v* 

VI 
w> 
VI 

v« 

V#- 

v*> 

VO 

If" 

U I 

ir? 

IM 

u* 

U‘* 
U'^ 

K» 

US 

II'* 
I I I 
11? 
I n 

M« 

n« 

I u 

I I f 
I u 
1 IV 
I?" 
1/1 
1/? 
w 

I/* 
l?‘ 
1?* 
1/T 
!?*■ 

I?V 
I jn 
IJI 
13? 
1 31 
13** 
13^ 
I3» 
U** 
13® 

l*r 
1*1 


r nrTfPMt»f  »*u**srp  r»  P*t*  «»  to  ano  avaivsm  to  pi  • • i*> 

r PrPff'uk-rt-  « 4 

^ • A |«« 

r*«* •••••••••••••••••••••.•••••••••••••••••••••••••••••«•••••• ••••••••••  • I** 

>n  pfAO  I*,  i*)  NSrTs,  Irilhi*  irAih?.  isojs.  TPpik  a i** 

■»«  A nvwA  T 1*1  U ) A 1«T 

• • 1 A I** 

lOAV  ■ • 1 A lAO 

fMPi'p  « • t A |sr 

“I*  TT  . . I A 1S1 

T*.Ar  • - 1 A IS? 

If  fFOA  «•*)  I lAiO,  4A  A ISl 

*r  /(if  TTNiil  A IS* 

VPTTF  fb*  IM  TCAIM*  TTAIP?.  ISPU*  IPP|S  A 1 SS 

m t,  A ISA 

ur^f  • <»  A 1ST 

TfMr  ■ 0 A IS* 

Isll  ■ <.  A IS® 

Tppr*  • U A |A(i 

t»r  a r AIM 

r •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••  A IS? 

r • A |A3 

r tfTwirvf  A^o  pttorrKt  pau  • a iaa 

r • A U* 

C •••••••••••••••••••••••••••••••••••••»•••••••••••«•••••••••••••••••••••  A ISA 

f’n  iTf  NCALt  • 1*  ^'SM*  A lAT 

rAli  r»fiATA  A lAA 

»rT  • T«T  • I A 16® 

l»  lUT  .IQ,  iriM  wwITr  (6«  set  NCAlt  A 1 Tft 

• A rnp«AT  i7m  ir.vjTP.ATS)  a |T| 

TF  (UT  .ro.  lOM  TprT  • C A IT? 

IT  iL®rr  ,NC,  rt  fin  to  yt\  a iti 


^ Piriton  rf'MMi*  ^APfAPifc 

/■ 

- ir-oc  • Pb^/Mit|r  v*t'>Fs  p«PTAf»!s(,  tn  i ..fn  vfrFfvFk' 

r »*ir  « r(.».Tf|M‘'.  AOVi  i;  yAi.ifS  IMPTAtMSf.  tn  CtTF*  »AA(f 

r !!*'».  wAtf  Ai.  V.MHft  b*(»TV»**« 

r l*ryC|  • pMtytn*  Vt*» 

r LSI  At  • l.SPFT.fr  ».rA|  ATa 
r t t t n#  bfroMC' 

r »-nMA  • n r#  *A**Pif« 


rp**M*».  / <A»PtS  / AP|(S|?,  Mt,  AVPSOISI?.  PJ,  S,  Asr,  SfAiL.  “O' 

(t..,  tlAT*  TmO|.R«  tfM*.  UFT,  PATI,  PPT®.  AOCOfS)?.  PI 


Awron 
API 
AA  Ci« 
rr/> 
f.  ruu 
!«rf 

It 
1 *• 

MCTO 


» nr 

TF 


**►*»(.«  rrMPpA  vauiault* 

«0(*To»  nr  a**a I I Tui'i 

AVhAv  ri'»fAl'TV('  P»  A|  f.ATA  VAltll* 

M p.»  ot  ruswrrtFr'  pfal  val‘F< 


1 pp 

M.Mi.rv  (.A  rOA'Pi.F*  (ATA  PojvTs  ntsiPFC'  rniiPifP  PMOrF<sisn 
Cno'Trw  U'rfC*ff«  Nu**rp  nr  ti**F<  Aiiowni >t ji,f  ruiATA  nas 
u f ‘ C"l  I F r 

*•*  CF  f'FP  'll  mmTm 


'-AtA  PATF  ,MPT</Af  , , 1 ?B/ 
PATa  T'Fnm  /O/ 


T T ■ 1,1*  ifi® 

PT  'A  » P’  / 

in  I * I , 

tr  Av»  *sn(t>  • 

‘ Ti  • /s* 


?SA 


J • 

•'pr 


1 IH 


L 


I 


f 

i 

i 

» 


BESl  AVAILABLE  COPY 


bt  rf  I*.,  *.01  A I r* 

4'  lAQ^AT  (WH  1aP»  I n»  t A ] 7t. 

tf  • I * 1 Tf 

»» ( r • t * I 

!•*(  I*  in^r.nf  ,r.T,  r»r>  to  j?**  a i7a 

rn  »f  A I To 

»»  .1  •'‘•I  »•!'  Tf»  !*.<•  A I»ff. 

lornj.A  « It'Tf'fn  A 1H| 

?T  iNfAli  .(.T.  } .f^r.  I*  u .Nf  . l^CC^fl  irnf.  • I A In? 

O'*  t»  iirMf.  ,fo,  II  •^•TT^  !«««  oft»  »«rALi  A i*<? 

T»  I If »*Y*.  ,»0,  n W'O  Tt«  nr  A 1^4 

i»  iIMl  .ftT.  IPk-foi  ftr  Tf>  |?0  A 

’*i?‘«Ii.rn,|-»r.nT«nf‘  ai*>a 

llMi  .(O,  f^  r*r  T(.  ]fin  A 1**7 

lO'i  I.ft  TO  «.  A 1».A 

»•  !»  ,r.T,  ‘nbr^i  ftn  to  |?r  a 

Yf  ,rf»,  iri  r»0  TO  nr  a lor 

t»  .TO,  A)  r,0  TO  irp  A I0| 

o*  f^  (ICaih?  ,fO,  I)  r.o  TO  l%r  * iv? 

los  ?4  elCAlb?  .Ff.  n CAll  TAM**?  MC*'fO  * IVl 

»*  fKAiH?  .ro.  ?)  r*n  cait*’?  iichco  a I'^a 

rn  TC  Iay*  a Itrf*. 

IPA  T»  ,jr,  »>l  M'  To  JAP  A JVA 

rru  »*OT<f  »Kh(j)  a jv? 

FOO  r.n  TO  A ibb 

IIP  If  llfAIWj  .TO,  "I  no  TO  JAP  A Jbo 

CAi  I fAL!**!  Mf«ro  A ?cr 

r.f.  TO  jA''  A ?nj 

1?*  fAii  rAff»tf  iTCmo.  T*Th  ) A ?{f? 

FOS  If  fUfAil  ,LT,  •sfT<.»  »;0  TO  I3r  A ?t3 

ff  Iir-f,  .fp,  Jt  00  TO  P'1  A PCA 

TCnO  • I A POO 

If  inroi^F  ,fO,  M 00  TO  im  a pm 

oo  TO  IPO  A ?CT 

f'Ji*  ITP  tf  flT^Of  .FO.  11  GO  TO  ?r  A ?0*» 

r.o  TO  J*r  A P€0 

lAr  IF  iir-r.  .ffj.  r»  r,o  TO  lAO  A pjr 

TOmf.  » > A PII 

r,o  TO  “ft  A PIP 

FJS  itft  TF  (SOalL  ,LT,  f^fT<;i  rn  to  jTr  a pjp 

TOho  • j a pi  a 

TF  fl^FoOf  ,r.T.  IPwrS)  GO  TO  ipo  a ?]•, 

oo  TO  ?'•'  A PJA 

\Ap  jf Ji  w jsrnnr  a p|  7 

ppo  ITn  IfMr.  » 0 A ?!• 


fif)  TO  ?r 
|0F  CTOP 
Ff  n 


A Pie 
A ppr 
A PPJ- 


«lia«.OlJT  Ibf  bTTMe«  H | 


r 

h 

? 

r« 

»•••• 

AA 

¥ 

3 

r 

• 

¥ 

« 

4 

r 

♦*vT»'G4  etvjefO  oe/rT/TA  a<h 

• 

f* 

«. 

p 

• 

¥ 

A 

r 

ThI«  eUfiPOitT  iPxf  |(0PAPK<  OTTfC  JN  ThF  OnFFfC. 

• iMi.f,  stomIkp, 

• 

P 

T 

r 

TmF  MF4UI  T 1*.  APPAT  p. 

A 

b 

¥ 

F 

A 

b 

0 

1ft 

r* 

AA 

¥ 

Ift 

F 

H 

1 1 

r< 

AA 

¥ 

1? 

r 

A 

H 

13 

r 

PtTP^P  VAPfAbLlG 

A 

H 

U 

15 

r 

A 

n 

!«• 

r 

1»  Tf. 

• bA5«F0  C0NTfKr5  or  IPUF 

A 

H 

1ft 

r 

mfvF 

• ahwmar  Of  PIT<  Tr  3HJFT  J^TP 

A 

p 

IT 

r 

»*»• 

• soMRFw  OF  P«TF  HFtNG  UAfPAPKtO 

A 

h 

|P 

F 

A 

M 

IP 

?n 

F< 

• A 

H 

?ft 

P 

h 

21 

Po*«»rO*<  / OTTFH  / IM,  lOPt  lAeT,  MA$K« 

MPliei,  iHUFiej'* 

1 

H 

?? 

F 

h 

2T 

F< 

k A 

H 

?A 

PG 

F 

A 

¥ 

2'^ 

r 

MTTf^  rn**Af0b  vapIahlM 

A 

h 

2ft 

P 

A 

H 

?T 

P 

Ift 

• If^UFT  OF  riCKFd  wOPO  If.  HllFFfP 

A 

¥ 

?P 

r 

IBUF 

■ APHAv  into  wMTCH  OATa  1e  POfFfWtn 

A 

h 

P« 

3ft 

r 

pi 

• ApPAr  OF  oNPApi^En  pvrte 

A 

u 

3f» 

(i 

La<T 

• fujimFH  Of  PTTFS  to  hF  MfFPAPftFO 

A 

M 

31 

c 

i.or 

■ LOCATION  OF  f»wST  *»TTf  TO  P»  liNPACAfO 

A 

M 

JP 

c 

A ITTTP 

A 

h 

33 

p 

MO 

■ APRAt  CONTaTT-TNO  rPPPOPPTATf  MASK  FOU  FAPH 

OF  Tmf  je 

A 

¥ 

3ft 

3G 

p 

FOU»*mIT  HyTf<  If;  A *.0«0 

A 

¥ 

3N 

f 

A 

¥ 

3ft 

p I 

»•••# 

»A 

¥ 

37 

F 

H 

JP 

F 

P 

3« 

119 


I 


s 


ccx 


<'M  ?f  S*-  • 1 • I 

*«rv»  • M ^'r  . • * 

•».Tl  » t‘4i  » JT**!  .«*■  . MHiiorj 

■ Mt  Ir  f « I t ».Tb  * MOVf  ) 

1»  a^'r  .»0.  l*'i  Jr.  /r 
1 « « cr  • r 

T**  ■ IB  , 1 

O'*  I r-r  • I or  4 ) 


^iiufc.rtnT  1»  r r.i|  tm 


oiv»^Hi  Ofc/po/'^* 

Tm|«  ro»»pt.H<  ronTB^Ts  fO**  » *rM  FRfo<*{f.Cv  TO 

rfrrii^T  > ro  rHH»  AMf.yr  Inf  NOMF  PrfcfR  <«TOMI, 


iH)»  «yMSot(M) 


r frt  tm  VAPtAHl  ts 

r 

r Av^'S^i  • r rt  ^ ►'►'A  T I OK  op  Muivlrjp  w»rtty^P 

r nc  « ''M  Tr.pfT  Tri  cvSTP*'  ►rft  fAl  ThPATir*. 

r FP  » .rCI 

r !r*<f,  • «MF  r*«iwf.r  ftAf.  (O  • pamp  sitp»  \ ■ c^»uc>f  !N  «ilTt» 

r lr*TPv  « Of  BfC^PO*  Pwnrr^^FC 

<*  I DrvBe  • NrMBfw  Of  PPCPIVPW^  Mflwr  «.AfcPLtO 

r ^*rAL  » MiMPru  OF  prij^-i^  pf  P RFCMviP  IN  FaCh  PfonPl) 

r P • ^I.M  Of  SOli*P><  or  AMPLTTUOF  FOM  ONF  PFrFTVfR 

r «i  Mpp,  • ^..M  or  S(.M'AP|r  nr  amplTThof  fop  ah.  ptrFTwfP^ 


rnw'f’N  / oalih  / AvpM^«rfjBi.  KoptBi 


CAi  rt*  ro**p"N  vaptahlk 


o A\.PMCr  r CAITppaTtO»  Of  PrOFIvFP 
r Pf  S K(‘irr  MA»r>  nir-Tn  fs  mFP^/ 


rfjMMOK  / roN«T  / pIOa 


rOf^T  fOMMON  VANIAHLF^ 


r Pto*  « o»>F  •(  OIjRTh  pi 


roMfcON  / roN|M|  / IPwIN 


CO^’PL  COMMOf  VAUlARlF^ 


IPPIN  ■ PMAT  rLA<*  <«•  ■ NO  HFAOTNON  P«INTFO»  | ■ PRINT  MfALlNOO 


rON'AON  / Pj  OT  / »OP.  Ml.  MFONS*  (^0«  M» 


Pi OT  COMMON  VANlAHlF^ 

NOP  a Ni'MBrP  OF  RTN«  I>;  SCALF 

NTI  t HIMPFm  of  P0IFT<  PF H PrOFIVfP  IN  FAOm  OFTOMO  on  OAIA  TAP| 

MFCKB?  a P-wrl^FR  NOlSF  »PO 


rOMMfl'i  /«»rOPf»^  INFO(P»*  IOPC(b«><>*  l^AVS^.  IRF  Al  l?(  AH  I I 
I I UFC,  NO/ TA 


BESI  AVAIUBIE  COPY 


^ f I un  » v«UTAM|f^ 

r |»'UC  • AUH^*  r JM,  T * 1 » T i,(.  gg^AMg^^  VAllj^S  *»r t 4 f •«  t »<f.  TO  fff*-  UfCflVft* 

r T*r  • APt.*v  rOkjTA’fTNfi  m«M**«L*  VAt  "I  S P»«TA»M»<f,  TO  ^1T^.  MATT 

r TtMi.  OAtr  siiMMfp  nt  ofCMviu^ 

r T<^v«t  a 

r I Of  *1  r Pf  *l  'ATA 

<•  I prc  a iTA.Mm  n|  Cf(ngp 

r NrATA  « f,,MMrg  r»  ^Aup^f* 


/ <AMPi  C / AOr{K)?,  HI,  e,,  KPf  , A-fAtU.  •'O*'' 

i^k..  liAV.  l*«r>i)P,  'M'aM.  Krr.  ttlr,  mpts*  Ac^fx**!?,  aj 


r ampsC 
r Apr 
r APCA4 

r tPAt 

r Ihpi'P 
C T«»  r 
r *<»» 

<•  Mr*  Th 
r MPT  < 
r K 

p ^rAUl 


«APPl,«  rOMMo^  VAPIAPL»^< 

or  A«P|  I Tnnt 

APPAv  COATaTNINO  OtAI  PATA  VALUFS 

««  p PF  SfjUAOF^  Or  roPorcTrn  uf  al  valof^ 


r,,MPro  ff  rOppL^i  Tata  PniAft  nKlPfr  !►'  fOubifm  PPOrF^SlNft 

rOU^TFB  INOTC^Tfr  M-mhFP  Or  T | »*F  P SUpPPHTINF  riM'ATA  MAS 

**rf^  califp 

MF  I VF  p MiM».rw 


r ata  irsTov/r/ 


;p  ijr*,TUv  ,r,T,  p»  tjp  to  ao 


PrAU  (TriMAL  t*PUT  TO  «T$TfM 


Uf AT  IP,  inj  OH 
}r  ropF'AT  (Prir.o) 

•PITf  16*  pf'i  00 

9r  FOPk-AT  I ?SH  DP  t*'HlT  TO  SvSTrM.r(»F.  C At  I h^A  T I • F 1 « , 3 ) 
f P a I ,or  - 1 

no  *'»>  j ■ t , p 

•»n  «|.Mnp|  IJI  • r.r 
pfaOAl  • rt.« 

A"  ro*<T|Avi»F 

lr*»TPY  • tt^^iTdy  ♦ ) 

If  tlfMG  ,F0.  n GO  TO  71 
I pr\.p«  ■ T nF  0 I O I 
Of  *.r  I • 1 * I Prvu r 

ff  MFkTPV  .r.T.  1 .aNO.  AMS(AVPM^blJ)  • AVM^QLU))  .LT,  FM)  r*o 

I TO 

SliMfiH  • o,f 

no  r-w  t a 1 • * Tc 

tr  tj  ,F0,  ii  SFrAL  « ssrAL  ♦ 1. 

ClIMOH  • SIIMIH  • fNPSUel,  Jl 

«r  rosTiF*iir 

IJJ  • rllHOHLIj)  « SOMOP 
AVMCQl  < J)  • AVkE*SG(  J) 

AvPPSOin  8 / ANOAi 

A**  ro»  T iF.Of 
Pf  Tl.pp 

Tf  roPTfNoE 

on  ho  J • I • tPrvPr 

AVPPSPti)  8 10,  • ACOOlOIAVPPSOtjM  - Of* 

• rnoTifuiF 

PPITf  Ifi,  «r)  lAVUMSGljl*  J a 1,  I MCyPS) 
o<*  r(<PMAT  »«M  KTnp,t«F  iv.-Ti 
TFwtPT  ■ f 
prT"pp 
r^r 

SOoPfiilT  I*  F fAl  IP>  lirMO) 


P>  Ptvt«iu  0«/0?/74  ash  • 

This  SOPPUOTlMf  roPfoTrs  ThF  fALtHPATIOK  or  the  PFCCIVFF*,  • 


I 


BESI  AVAILABLE  COPY 


r 

rt 

»s«.TO^'  r.(ip},  ci'MPPi  iH» 

1 

1 

If 

1 

1? 

>' 

0 

I A 

r 

( AL  TP  9 V Ap 1 «ni r c 

• 

n 

IS 

• 

is 

rrH» 

« 

• 

1 7 

<• 

ri. 

1 rm  efo»A|S  /N 

• 

f» 

IS 

r 

r nnr 

r rjtr  rNA»f*F  H AO  f " * SAwr  CIT>4  1 • f^-A^Of  IN 

<1  Tf  » 

• 

0 

|Q 

r 

tc» IPv 

- 4.i,Mn»rj  PI  rfrr*Hrc  PPrrfcor- 

• 

1 

/'O 

T‘ri» 

• Jirrivrs 

• 

n 

4*1 

r 

T c n r »nn  T ff  J r ft T toN 

• 

!• 

/? 

r 

«*r»i 

* Ki'MWfw  If  ppiMc  PtP  ffrrrwtu  JN  »Ar.H  e»roPn 

• 

?"* 

r 

Cl  iMl 

w ««'M  n|  or  ASP!  f T^pr  row  (isf  utrfjvto 

« 

f* 

?h 

r 

C .Mi  M| 

* CUM  r»|  cnii^wrc  or  nspiitiirr  r'^P  om  wfrfivfp 

• 

0 

r 

• 

0 

r* 

• •• 

0 

<'7 

r 

I* 

/f 

rn 

•s(.r  / TAMP  / PO»jH) 

1 

/S 

r 

f' 

<(1 

r« 

• • • 

li 

11 

r 

• 

ri 

J? 

r 

CM  T*'  fO‘*NnN  vnPIAMlFS 

• 

!■ 

31 

r 

• 

0 

i* 

IS 

r 

>><(P«xCr) 

« CALtMUATrcf  nr  wr'-r  fvFo 

• 

1 

IS 

r 

ur  k 

• NP]CP  UAtjO  wI'Mh  Tf  srcT; 

• 

1 

JS 

r 

• 

li 

17 

r 4 

• •• 

n 

r 

n 

JP 

nn*O'0*^<  / noser  / fc'10% 

1' 

«!• 

r 

1 

* 1 

r t 

• •• 

r 

r 

• 

( 

r 

rONfl  C0p«ON  VAPlAMLf^ 

• 

t 

*» 

*b 

r 

• 

1) 

«s 

r 

Ptn* 

■ N^if-rOliBTN  P] 

« 

fj 

«A 

r 

• 

r 

• 7 

r 4 

• •• 

(' 

4S 

r 

1- 

AS 

so 

rpMwOS  / COSTP|  / IPPIS 

(1 

sn 

r 

0 

b\ 

r 

• •• 

n 

b? 

r 

• 

0 

bl 

r 

CO^Thl  COump^  vAblAPiFs 

• 

(• 

S* 

ss 

r 

• 

!■ 

ss 

f 

IPPIM 

• PsI»T  ftAO  ('•  • NO  HrAnjNpC  PPlMpn,  1 • PSf^T 

AOi^rsj 

• 

(• 

bS 

r 

• 

0 

47 

r 4 

• • • 

f' 

SB 

r 

0 

bW 

so 

rpMMd^  / Pi  OT  / SOP,  Ml  4 MFCSSMSOi  P) 

n 

OO 

r 

1' 

61 

r 

• •• 

I) 

6? 

r 

• 

ti 

61 

r 

P|  OT  COmmOA  vAPlAOlfS 

• 

0 

64 

r 

• 

r 

6S 

r 

NOP 

■ NlJPOFP  Of  BIN«  In  sc  Air 

• 

f' 

SS 

r 

STI 

• NtiMPrp  OF  POINTS  PfW  PffFTVfP  IN  fACH  BFCONO  OA 

(lATA 

TAt-F 

• 

0 

S7 

r 

prrNCF 

• PFOFt^/FP  NOlSF  AP> 

• 

f' 

SS 

r 

• 

r 

sn 

70 

r 

• •• 

r. 

70 

r 

0 

7) 

ropNi'N  /prropi'/  infoivj,  is«v4t,  LPC*Li?n4S) 

, 

1 1 wrn,  NPATn 

r 

0 

7b 

7S 

r 

• •• 

0 

74 

r 

• 

{* 

rs 

r 

pfCOun  rowMUAi  vABiAaLfc 

• 

1' 

74 

r 

• 

p 

77 

r 

ISBC 

« APPAv  COMaIA-TnG  PPtAMPlF  VAI  OfS  PfPTATNTNP  TO 

FACH 

PfCC IvFP* 

n 

7n 

an 

r 

!»*r4 

• lJNPAr«FO  TA-AGINAO/  OaTA 

• 

1' 

74 

r 

If  ro 

• aPPAv  rOAfATA.TNG  pPfA**BlF  VALUtS  PfPTATMNO  TO 

4!TE, 

FAAf  T 

• 

(' 

60 

r 

TT«F«  PATF  AA4r  Ni'‘HH'  OF  PfCflVfPS 

• 

n 

HI 

C 

• SAVfO  PUFVfOUS  STTF 

r 

IPF  *1 

• .**ldAr«Fn  KFAt  I'ATA 

• 

p 

N? 

4% 

c 

Lf^c 

• 1FI4OTM  Or  ofcomo 

• 

n 

H? 

r 

• »4i(*4Mrp  OF  camplFc 

• 

p 

H4 

r 

• 

p 

HS 

r 

• •• 

i» 

HS 

f 

0 

67 

49 

rO*«»‘ON  / / AP^(4I?«  A).  AMPSOISI?*  H|4  S.  NPCf  ^rALL* 

MQf 

p 

SS 

» Th 

, fllAT,  THOliP,  •'lA.lT*  tcFr«  PaTF*  MPTS*  APSOIS)?, 

ii 

M4 

r 

1) 

40 

• •• 

i> 

41 

r 

• 

0 

4? 

44 

r 

CANPLS  fPMNON  VAHIAMLFS 

• 

0 

41 

r 

• 

0 

44 

r 

AmP^O 

• SQUAPF  OF  ANPlITO'lf 

• 

0 

44 

r 

Acr 

• APPAv  rONtAlNlNO  mFAI  PaTA  TACOfS 

• 

n 

44 

r 

• P4P 

• Slip  OF  SOUAPfC  OF  COPAFfTFO  PFAL  VALI/fA 

• 

ft 

47 

122 


) no 

r 

irvAT 

■ *1 

• 

r 

CM 

r 

l».n. 

0 • .t 

• 

I- 

CP 

r 

T<rr 

■ * 1 

• 

1 

1 Of 

• 

f 

ICI 

r 

Mr*-  T 

W s • > 

• 

f 

K? 

\ '*•. 

r 

MPT« 

• 1?H 

• 

n 

103 

r 

N 

• KMMPro  cr  rOMPifu  r*T*  pot^  t*  nni«cn  tK 

FOUBifW  PUOfFCSISP  • 

0 

1 U* 

r 

•‘'*•11  • C''*U'‘tra  TNrfC«lf*  Mimhf*.  nr 

TISf  F]SI«IA  m«S  • 

0 

lo** 

r 

nre*  '••iiEr 

• 

10* 

r 

^^■T 

• wrcr^vFP  ik,i)M».r^ 

• 

n 

103 

M'' 

C 

WATf 

» S'* 

• 

1 

10* 

• 

r 

1 OO 

r 

1 K 

r 

t 

1 1 

n*T/  T'stcr/o/ 

n 

1 1? 

’ 

f 

r 

1 ■» 

' 

II* 

If  (Icktov  ,r.T,  r»  OC'  »0  If 

r 

1 1' 

“•<•1  JS«  in>  {MSIIF.  • POU  T^-'’'I•  ) 

r 

11* 

rno***?  j?Tl"*?Fir.ri 

(' 

113 

1 >r 

c^,ur*m  f |Kr  INJ  ■ o,n 

f- 

1 I* 

«»  r *1  • * , ft 

1 1« 

ffO»  ■ C»iT*-''tK)  - ir,  • *L''r.l  n (erw  f !►  UIN) ) • 

1 

0 

l?l- 

• pTTf  »e»  is'itt.  IMIS,  cwd^niM,  snudsotM,  ref's 

1?1 

• oppfT  (S,.  io.TS.Sh  pfrvP,!S,iH  c*<*M0,3*?^ 

StF  in,3,*H  f os,F 10. j 

t> 

1?? 

'?*s 

1 

I 

0 

I?3 

T 1 

fl 

IF* 

Tf»vpY  ■ icsTdv  • 1 

0 

IFS 

H dCNO  .fo.  n P'^  Tr  7f 

!' 

W* 

IF  Msrom  .Ftp,  I^sITf»  po  *0 

f' 

1?3 

»30 

• FITf  (6*  *ni  T»FfMn,  ISSiTf 

c* 

1?* 

" 

FrOPFT  !?**•  »FCvO  >uMprrf5  *RF  T»  CrB«l.rT*?lS» 

f» 

1?o 

• lonrfo 

f 

13<- 

rr 7»  P* 

r 

131 

*r 

rt*  Tfkj  f 

r 

1 3? 

' 3% 

<*>'**1  • <»C*L  • ?s#.. 

f' 

133 

».  ^ ft  ^ r 

0 

13* 

•'Oft'  I • 1 , • Tl 

r 

13* 

Cl  H » si>MOP  * FMfcg<t,  isniK) 

1 3f 

$ f 

rn»  T I SI  rf 

0 

133 

1 *0 

S(  •'f'Pl  f 1 Tsrts)  * st'**nh 

r 

1 3« 

PF  li'UK 

t' 

1 30 

'-0*  tismc 

I*n 

IF  »ssf*i  ,rc,  ft, I GO  TO  PO 

(’ 

1*1 

AvP^sni  isr  IS)  • H,  • •LOr  1 r isitPlHL  • isris)  / 

ssc*i  1 - rcp^* 

(' 

1*? 

1*5 

*'PdF  IS,  QM  !•rI*,  AwPPCOnsOTS)  , IFSTPy 

1 

1*3 

0^ 

Frp**T  IF,.  bF<VF,I*,1pH  r FC  IMC  ATI0S,M  0 •?*?PH 

SUPPFP  f.F  PFC0*»0«  PU 

0 

1** 

f r«crf>,  1 1 »• ) 

1** 

IrsTP*  m *1 

l*s 

Ff  TliPs 

r 

1*3 

15^ 

f sr 

r 

1*M 

«l-PBniTI»F  fF|  fPY  iICnP) 

1 

1 

r 

F 

? 

r 

F 

3 

r 

• 

F 

* 

5 

r 

r*itP3  PfcVTCFP  O^/07/T*  •'SM 

• 

F 

s 

r 

• 

F 

* 

r 

T>.I«  CuSPOliTlfcf  ojpMpiiTFS  ThI  riLIHPATIOS 

OF  The  MFCEIVFM.  • 

F 

7 

r 

F 

P 

r 

• ••• 

F 

Q 

10 

r 

F 

10 

riwfscios  Cp*p»»  si'POpl'**) 

f 

1 1 

r II? 


r* 

»p 

3 

r 

p 

I* 

15 

r 

CALIN3  VAPUBIES 

p 

IS 

r 

p 

IS 

r 

cros 

p 

Cp  sir.soi 

p 

IT 

r 

c* 

s 

fp  «T(,SIIL  nfCTM*L< 

p 

1* 

r 

irnp 

p 

SITE  CMpsOr  FL*6  10  p SFMF  5lTFi  1 ■ C***SOF  IS  SlTt) 

p 

10 

?o 

r 

IFSTPt 

p 

SUMPFP  OF  PFCOMOC  PsrCFSSFr 

p 

20 

r 

tsriF 

p 

PFCflVFP  Sl-l-FO 

p 

21 

r 

iFsnr 

p 

Sl?f  lOFsTlFICRTlOS 

p 

f 

^? 

C 

SSCAI. 

p 

SOSPFP  OF  POlsTS  PC*  RFrrTViR  IS  F*Oh  OFOOWr 

p 

F 

23 

r 

Sl-MPP 

p 

StiP  OF  SOOfPIS  of  FkSPLlTUOF  FOB  OSt  BFrFlVFB 

p 

2* 

?5 

r 

SHMOPl 

p 

Sms  of  S0I>*BF«  of  FRPtlTl'OF  FOB  *tL  BFrfiVfBs 

p 

2S 

r 

# 

2S 

r* 

p 

2T 

r 

2P 

rr^MOs  / r*iiH  / PvassgiPi,  fop(P) 

20 

3'* 

r 

30 

r 

»p 

?1 

r 

p 

F 

3? 

r 

CF|  m rOBBO*  V*BI*FILF5 

p 

33 

r 

p 

3* 

35 

r 

PVP»»*0 

m 

r/iitBiTfOfc  or  rrrrlvrr 

p 

3* 

r 

Rr^ 

p 

sri|<F  R«sc  pirth  i»  NFst7 

p 

3s 

r 

p 

37 

r 

IP 

r 

3R 

123 


.BBIJVAiL/tDLc  COPY 


1 !»'» 

frn^&T  i?MM  UfCvw  Aur  T^'frwoEc  T « ? f 5 ) 

l?P 

‘•foil  • 1 "0^00 

»?Q 

ur  T > >M» 

130 

4"  rm  ▼ jNt  T 

131 

^*'r>L  * 

1 1? 

>»* 

«l  |**I  M • , n 

1 13 

r'O  T » J • uTt 

1 34 

cMMMH  ■ ^itwna  • «Mp^w<T*  iN^tN) 

1 3S 

1 3s 

«l»-f'Tsi  ■ co“UMi 

1 

1 »7 

1 411 

^■r  Tt-u» 

1 JM 

»/  rr>^•1  T»iuf 

1 

Jf  iSNrAi  ,FO,  0,1  00  TP  yn 

140 

Avw>-^0|  l*UiJN»  • 10,  • ALOm  0 (<(IMI.HL  <!►  ni  M 

SNOAl  » - CCnN 

i 

|4t 

wHTf  (h,  qni  avMM«0  f inPIM  • IfNTWv 

|4? 

> 4^ 

ort  «E  rvu » IS , 1 ?M  C*L  Tmuat  1 r'4.•^  I 0 , ^ « 

nupmf  M OF  PrcoPrs  pm 

I4l 

i^rr  tsFn»  ♦ i -*) 

144 

Tr»  TUv  ■ ' 

loS 

•#r  Ti<w». 

1 

>44 

Ff,f> 

147- 

«>P<bonT[^r  rnupus  ii,  rOLn«  NNf4»  lOlp*  «fvFw) 

f 

1 

r 

F 

> 

r 

• •• 

F 

3 

r 

• 

F 

A 

S 

r 

UfVTSFl>  0«/n7/T4  SSH 

• 

F 

S 

r 

• 

F 

4 

r 

TmI<  SUMPPi.TlNt  rCHPwFSSFS  TmF  OPAPM 

hv 

PFPOvlNf.  fMPTY  H|NS  • 

F 

7 

r 

ThF  mTTTPm  and  TCP  PF  <C*lF, 

• 

F 

y 

r 

• 

F 

Q 

r 

F 

10 

r 

» 

1 1 

nT«'r>QT(,>/  «Ml.  »0LI'M»*  iNFufll 

f 

1? 

r 

F 

1 3 

r 

• •• 

F 

U 

r 

• 

F 

IS 

f 

CPUPRS  viaMbL^S 

• 

F 

14 

r 

• 

F 

7 

r 

InpT  • r.rr  kOTTOM  Pp' 

• 

F 

1- 

r 

Tf-PtM  • r*.l  mT»-  HFtf'^  HOTTOM 

• 

f 

19 

?n 

r 

TTPP  • » rp  TOP  Ml* 

• 

F 

?0 

r 

M.P»  ■ *..1**UFU  PF  Hl*iS 

• 

F 

?] 

r 

*«Ol(>  • PREVIOUS  OF  MfPC 

• 

F 

?? 

r 

NPOLT*  t PPFVTOllS  Kil'NMFM  OF  V*1N<  Pll'S 

• 

F 

?3 

r 

t 9 OF  PPI*<T«  IN  F*PP  PIS 

• 

f 

?A 

»«. 

r 

1*  F*  • *<f  ■ CPALF 

• 

F 

?s 

r 

■ O*  I • P|  C sf  *t  F 

• 

F 

?* 

r 

• 

F 

?7 

r 

»••• 

F 

?R 

r 

F 

?0 

tfi 

r 

F 

30 

op  1 f t • 1 , *01  t 

F 

31 

IF  lAiT)  ,ru,  u.oj  r.O  TO  10 

F 

3? 

tHiT  • T 

F 

33 

r.<  TO  pr 

F 

34 

»S 

I'*  rONTTMF 

F 

3S 

ro*TIMit 

F 

34 

f.pol  ( ■ F m 0 « 1 

F 

37 

Of.  ir  I • 1,  Moj  r» 

F 

3P 

* « f Poi  n • T 

F 

39 

4r 

|F  <Ff4>  ,FfJ,  fi.l)  on  TO  30 

F 

40 

fTop  ■ > 

F 

41 

NO  TO  *0 

F 

47 

10  Or*  T 1*  u( 

F 

43 

ao  or,*,Tt*„,f 

F 

44 

4% 

fM4  ■ ITnp  • inoT  * 1 

F 

4S 

TROT*  • TROT  . 1 

F 

44 

to  » M 1 , *I*'F» 

F 

47 

U ■ I * IpOTM 

F 

4P 

■111  • ■ M P 

F 

49 

Tf  Ffc  U » • lOl  ^ P P 

» 

SO 

«o  ro»  T|»i*if 

F 

M 

vr  tkm*. 

F 

%7 

ff  r 

F 

^3 

Sl.MMOllTPr  PAvlFf  l|iill-l*  0UP?»  HURT*  fc**  OFF* 

• offy,  srit  sc?*  <17 

1 

1 

IF,  roRA*  in*  tH»  <0*  TO*  ru***) 

1 

7 

r 

1 

3 

r 

• •• 

1 

4 

r 

• 

I 

S 

r 

PFTlFF  QFVtcFU  0«/P7/Ta  OSH 

• 

1 

4 

• 

1 

7 

r 

ThIs  SUPPOiTtNF  Ic  CAtlFO  hr  ThF  IIRVARt  ROUTTSF  OPaPha  TO  H4FF  a 

r 

hFTLFIOH  SfALf  ON  ?*•!  A-AFTS  OF  Thf  ONAPh  PllOOuCfO, 

10 

• •• 

1 

R 

r 

1 

9 

ri'-rNitu^  <T(|1i.  <1.1111 

1 

10 

m»i.  ■?(?.  >)f  «»(?i, 

I 

n 

r 

1? 

125 


A 


BEST  AVAILABLE 


» 1 • ''*»  i p»  • ^ ( " > 

f *1^1.  Oi  IT  J • , ? , 

f 1.^1  P.  -'T  >«»!«.), 

l,f. 

et  r- .*.• 


CiUf^.iTI**  fciTtr?  411,  P»*  C*»  f*> 


Pitif>  PfWt'U  ^4/^*?/?*  II4N 

thU  4C-Hfcriiik{  i<  >**  ’•*»  LlP*»*pY  ooiTisr  gb«pm«  TO  4 

p4TiflG*.  o*.  T«e  nr  tht  gmapm  PHnnnCEO, 


><4«Lr?  V4t'T4HtF4 

,M  I y4L*'f 

0.6 

M4  • Tm  .M  I v4t  'I 

f .0 

»tPn»rn,T  fro  talc  CCcLlt^n  <0,0) 


f,TBT  Ccnr,4nr 

**f  • r.C 
» • '*  , (• 

• » * ( .C 


/ *inr.ij,  / .Pv» 

*•*!♦  ■ I.  / 4jn«ij<ii,  / ,rpn 
mP  T (0,  K I « P4  ■ 

t <•  rnt-Mi  T i ?»  >« , 1 It 

at  « ■» IK 

r % • f n't  f 

Pr  ri.p*g 
f Kr 

«i.MDAiTy*r  r4tppr  tic-n*  tkhj 


k-C  prvictr  Mm,  )»aT4  jPt 

ThIc  ci'PpnuT  iKf  pwni>nrfc  thc  roLin«T^A  p«  OTS 

I,  4MpL»Tun4  PPJPtPlLlTy  01STPIMi>TT04«  nr  Ai'TOMCRILC 
lANTTIOK  NOt^F 

This  cdPhnuTiKr  ic  rNTfRfp  rnp  srtr  e and 

SITfS  4ROVf  IP  » 41L  PlTw  Tr^T  PATAt, 

IT  14  KOI  fKTfPrO  FOR  4ITr  16  PNlrM  15  A 
FltfP  RAI'«4IAK  ^0T4F« 


nTMtKClOR  IPlOTiT).  L«MrL1(?A),  LAREL?(?4)«  LARCLK?*!*  SCARDlSOla 
I PTCAPOiC'*,  At,  IARFLAIPa),  RACAPPlSOl*  H 

?PinTis^l.  44VALf5Pl*  ACARlfAeU  iphrmrih),  aPORM^cR),  ARSrPOIRl* 
UIPI*?"!  .PFCvRv  <5^*  tP)  • Mrcvjcp) 


«*  nATpRc  yrPlARLCS 

r 

f «pAtPr  • A'lR  nr  RfAt  vALurc  roR  CArn  receiver 
r AMPT^t.  • 4MPi.TTitOf  AOUAPEO 

f APPPMC  • 51,'M  or  $o*»4RF4  or  AMptnunr  roM  RECEIvfp 

c APTFMP  • urAl  HATA  VALUER 

n PfFI  ■ riFFrcFAirF  RETmFFK  CiiBPFNT  hour  ANP  PRrVIOOR  mour 
r OIF?  • OlFFrMFNrF  RtT-EFM  Cl'PBFNT  RINUTf  ARO  PRFVlOitS  RINUTE 

r Piri  ■ PirrrRFNCF  RETaEFf.  current  sfconp  and  previous  SmONP 

r pptoT  • sr«  Plot  acale 

r Ft  • AvfRtnr  fowEm 

r FB  • FBfOoFNCT  TO  MMifw  RrcrtvrR  is  tuneo 

r irwo  • CITF  CRANOr  Pl*6  ■ Samf  SITE*  I • CmAnOC  IN  SITE) 

p |n  ■ SITE  IPfNTirinATtON  rOOf 

r fra,TPv  • uuRRrp  or  RFcnRpA  RRorrssro 

P n PL  • TFN  PLAN*  CRARACTFHS 

r ivt»*  ■ NFA«TTVF  CaLIRRATION  OF  RFCCIVCR 

r larwMp  • hour  or  current  rfcOro 

e )»HMta,  • MINUTE  or  rUMOtNT  RfrORP 

r iFRsrc  R secOno  or  current  RfrORo 


12  7 


BKI  AVA!!, A' 


Of.  /UCt  Olit'/ 
I I ut  r , Nf  f T* 


Tt>PrrH.ait  HAvsT,  L^F  «L  ( ?(  4»’ I • 


pFri'ki)  rnwM{>ic  vapm^LF^ 

jr*pc  » rOfcTaTM^G  MwF^MPir  vai  iiF  S vfuiA^K^KC^  to  Fach  pFCFIwFp 

t^Al»  « I.tvfr».fp  iMAf.fNAfcv  1't‘lA 

l»rc  * APMAV  PPffPKjr  VAM'FS  PFPTATv]iyf.  to  ^TTF»  F**rT 

T1»*r,  t>f.Tr  tKP  M.mMM  f'f  OF(rivFP^ 

1e,v<1  - cfWF*  PPfwTf>t^  *iTTF 

LPFol  <»  l.(.pftr«FP  I'FAJ  f ATA 

Itrc  s irNr-T-4  of  ofcppp 

^.r  A I * • MiOPI  w (F  «AfcPlf« 


rovi-TjN  / «AMPl  e / Apri^t?*  Ml,  AMpSOimp,  ► > , SPC*  N^ALtt  **0' 
1T».,  r^tT,  (Mf.uM.  MfMT,  Icff.  PATr,  MPT^,  AP^fHSlp,  Al 


A‘*p<0 

*PF 

At 

1 OA  T 

TtPr 
MTf  IT 
“Pf  Tm 
*'OT^ 


T.ur 

PaTF 


cAMPn.  rnt***i  \ VAPlAPLF*; 
acUAuf  (<p  ftMp^  ; Tnt>F 

fPWA,  fONTAIM^^G  OfAi  OATa  VAL^ft 

VIA*  rt  S(*UAMF<  OF  COMWFrTFf.  FfAL  VAll'E^ 


-1 

1 pH 

MiMbrP  (>F  rOMPLfit  OATA  pntM«  OfSIPEO  T^-  FOuoif.n  PkOrP^SIi-o 
roOATFP  TA'OKaTF^  NUpMFP  r,p  TTmF^  ^SU^‘M0UTt^f  PlNOATA  mA^ 

MFf  ► ran  Fn 
Mrcr^'^p^  MtMprp 


r NpTf  a^PAvC  Ol'T  Of  SYATM  OUF  TO  MfVfWSF  ^IIMMTA*^  !►  C Al  CUL  * T I ON 

r or  fcpp  sr<PtWt»  • 10,  • <P^f  APfM  1 • I j / 1 n. ) 


Oat  A t^CAPI*  (!)«I«l*4A)/I..'>,7,c.lP,1.Qfil,6,31O,l,0f*)»l  ,*^H5r  •! 

?F*i.  1 *3,;^,9uir*3,f  ,1|F43,i  ,PF*A,1  ,S«^F*a,?.«>1?F*4.3 

30SU  .4,f  ,i  r.S,  1 .bN«f  *«,?,•.  i?|  •5,3,9fllF4^,A,3if*%,i,PF4A,J 

A*  A*.F  •0,<’.A17F4F>,3.0HlF4T),A,3lF*A*l,nF47»l  ,«.fl«.f  ♦7,?,‘‘1PF4T,3,9R1F*7 
‘'•A  ,*»|F,  f,  1 ,‘*f  ♦«/ 


lIFNTPv  ,01. 
T4T  ■ 1 


f » UO  TO  "C 


r I>»TlaiT7F  l’*TA  AppAvr  fop  PirTTi^f 


On  t » I « 1 , «>n 
rn  H.  .1  • 1 , h 
pr«APoii,  ji 

per*^rn»  ji 

in  rof.TtMiF 

T'O  pH  J ■ » • F 

rprp**«(j)  • n,o 
ApfiPM9ij)  • n.n 

APcaPOij)  • r,P 
IF  ,f0, 

:»>•  Hr.MT|M>E 


r ATf  IiHi /ifH  / 

r-ATe  ifktc V ,A.f.P/n ,*()/ 

f'A’ A »IH1  1 1 ) . Jl  Bl  «L  <61  *.U  PL  171  . jlMI  <P»  . JLPL  f 1?)  , JLtll  « 16>  t JLP 

It  M 71 , jL**i  n Pi , .11  Ht  t loi  ♦ jt  Ml  (pn  /40Hpr PCM  T or  t imf  opoinaTF  IS  F * 
POFFr-Ff  ,JOH*r«H  AHOwF*1fH  aPHS*  (IfMAPr  fUrOa,*0H  rOMPONFNT 
1 WtlATlV*  TO  ll«  UM*;  ,4CMPPOhAHTLITV  X/XPMS  I fSS  TmAK  AH^ 

*rit^<A  ,1'Hxrn  fqios. )Chv  f OMp(».r  s,  j oht  t/ymm?  |,ln>*YP0  FMfo»«1 
Mam  tAPn  F Prria/ 

Oat  A <psf  APO  Cll,T«l,4ni/-A.,r,,4,,A,.,p,,lo,.l?,*U.«lA,,lP,*?o.t?? 
1 . (74  . ,p^,  .PH.  , 3r  . , Ip,  , 14.  ,3F,  ,'XM,  ,40.  *44  , *46,  •4H,  ,S0«  ibp,  ,V4,  • 

pSf.  . ,MH.  #A'  . ,6?,  ,A*  , ,0A  , ,F*» , ,7n,  , 7p,  ,74  , *7^,  , 7P,/ 


,n 1 Mr*  ij)  • 1 , 


67 
*»p 
PO 

90 

91 
9? 
91 
94 
9» 

96 

97 

9A 

?01 

P04 

?c» 

POP 
P07 
PUP 
POO 
PIO 
PII 
6 PIP 
r-  Pii 
6 PIP 
G P16 
6 ?17 
G Pl« 
G PIO 
6 p^p 
G PPl 
o PPP 
G PPl 


129 


rmi 


rW«' 


3liU 


i • r , f*  <*/* 

• ijT^  «»,  T.»  i*'’*ni<M|f  I • )•  <• 

•»■"  I'U.AT  11-..  #*.11  #r  Ai  f , 1 ««M  '*) 

' 1 1 • 1 . ^4  f.  > 

« /-u  • ' n • « I t«i  '•  >«'•' 

I # «»  ^ ’ I *-1  •• 

I A».|  I ■>  . ’ n tl  . • f>  ?if 

ft  7 1% 

Tl  » f»  ► ■ M r.  > <? 

lwrvH»’»rf'r»».  f. 

ttf'it  . t-r* 

*r  »r''‘AT  ti^,  !»./,  |7,  1M/.  !i 

r*r'M  • *•»  . J*rh»*.» 

^ c , «•*•*»  « t • I n I « ) f.  ? 

I*?!® 

tC'  «•!  r • T»  ^ •-  I#.  I r-  ?4P 

• Ti  s »!'*;'*,  / ft ' n»  »«<  vte«)  • i,f»  - Qi  f*  ?•! 

V T I ► • ) f TL  ft  ?*? 

t rt.t'r  r i*\-  Si^ur*  t f prt.  bfrMv^i*  I'H*  I- 

t>f  rf>>  T i»,i  t It 

rr  Tf.i*.v  C •»»Tt.V  • 1 0 ?4^ 

!»  ,fO.  l»  f*f  TC  11' 

r •••••••«•••••••••••••••••••••«••••••••••••••••••••••••*••••••••••••«•••  r*  ?*T 

<>  • r.  ?*» 

r f r.#T.»  tt/M  PnTTj»,r,  • i- 

r • (.  ?*.P 

o 7S1 


t»ii«.Awsi  ,^f,  i«j  f.r  TO  »•»• 
tr  • I • f n ' 1 » 

Tcuv^P  * 

Jcv-l'  * 

: «;v«f  i » • eC  I M 

pp 


♦ K-i*  J » • •*  c rt  I f«  ;»%'» 

Tt-  . vr r * • t ^ (•  » <■.?*>* 

f'l  I T » . ♦•▼L  f*  »*'•• 

• r r.r  i x i,  P ?Sp 

TT.r.  , . f.  ?S7 

^mTc -'P  « {,Q»  r 1 • It  0 *'*'► 

5 ftM<'>M.  Jt  & 

(Alt  *lfirT  Kffrrt  f. 

X MOP'*«(.')  ♦ AMt-TMP  (.  ?*.7 

I)  » It  • J»  0 

PlCAtr  j|  ■ pTcAPnihPAMP,  j)  • t,  r. 

TP  i(kOTfr«P  .jT,  »..f|  #OTP»'P'  X • AwTppP  C* 

! j)  r A^'^lUl'T.Il  • AUTp*»P  0 ^^7 

^ » Cf  »iT  I » t f»  ?^P 

1 1 p *.r  I'li.k  ft  ?♦  9 

r»  p c «NP  • riOATt^Ttl 

UFTIPfi  ft  ??1 

T 1 •*  fo*  T INI-E  6 ?T? 

^•••*»***»*«»**»«*»*«*4***«* ••••••»••• •••••••••••••••••••••••••••••••••*  6 ?M 

r • A 774 

r P|  rT  I • ft  77^ 

r A'PlTTt'fP  PPOPAMlilTV  pTSTPlHtiTlpP  OP  4Ulr*'0KlLf  lftP<lTlO^  NUl«;P  • ft  ?7a 


Jl'  • » 

Tpi  n T7)  * f 
lut  r T (4  ) K 1 
TH  li-)  « 1 
TP|  m (A  » r • 
Tpt  I'T  T7J  r • 


r I,A>  fc  ( 4Hf  (. 


» AMfl  1 IW)  - Jl  hi  M » 
t/hPI  1 IK)  X Jl  PI  191 
L APP|  1 I I 1 ) f Jl  PL  I “T* 
I A»*P  L ? I l?»  » Jl  hC  I*  » 


r V.AxTc  I AUPL 


I I ) 1 1 7,  r Jl  ai  |«  ) 
I A«»  I I I K»  f jLhl  I*«) 


r ftu  APH  I A»(f  I 


1 »'< 


k 0 » T P 
FO»*»AT 
f'TP  ) a 
r TF’  a 
r f r 9 a 


If  • i^rt  <«iM 

(:^7H  MiMMph  UP  OOlfT^  PPP  pWfOiipAiCVa 
If  r»HP  . K«VHp 
IKyMls  . KuPlh 
if'.FFr  . isotKfr 


.P  K.ll 


ft  777 
ft  ??• 
ft  77Q 
ft  7hP 
ft  ?H1 
ft  7H9 
ft  ?♦»? 
ft  7h4 
ft  ?M« 
ft  7H4 
ft  7H7 
ft  7h« 
ft 

ft  ?Hr> 
G ?»*1 
ft  9^? 
ft  7^1 
ft  ?()« 
ft  7S^ 
ft  79h 
ft  ?HJ 
ft  ?iit‘ 
ft  7V0 
ft  llift 
ft  ^ni 
ft  50? 
ft  10? 
ft  1CA 
ft  10*^ 
ft  10  7 
6 10* 
ft  lUO 

ft  1U 
0 1M 


130 


•.l»  *«•  » ir 


I'l*.*  , •»  . * .***  K'  *«.  Mr  r.  n? 

r|»  9 « I tM  . t . r.  lu 

»•»#*  !f  II  M?  ".ri  1.0  »C  »4»*  ^ 11** 

I ff  9 • IjT*  ? • 4^ , (•  II# 

rtl  » t t ?»  I • ! , 6 1|T 

I»  fri?*l  . •* . <',ni  '*0  !•  i|* 

T*  ’ • i** . • ' 0 119 

)cr>  ^»r<  » 1*^*  I • *4^,  • r*7#;  • 4r,  • f'l>i  • i«  r.  i;« 

T>.|<  !«  t If  AT  |c.*,  ?u  «<  I r*4  wc  Tf  r.M  Imi  nti^Atir#  $urm  1m> 

».tr>  1 1 k ('►  pr'|*T<, 

<fr«  « s*r/<»M,o 

»r  **'.»  M'  TP  i?f  f-  li*! 


(1  , 1*4,  lAhfllfSi  |<»p* 

ft 

177 

1*1 

ffkt'AT  (#M  sirs*,  f*,M 

■VS 

ftp  in  9ir 

ft 

374 

1 T" 

If  isfrs  ,ftT,  lAftp.i  ftp  Ir  loi. 

ft 

17S 

«rr<  ■ sfr«  / 4r, 

0 

1>4 

nrftpf  n , lai*.  1 AHfi  isi  »<fr< 

ft 

177 

1 pr 

fr'pMAT  1 *M  M|»4Ca*  * «»li 

ilrt 

ftp  TP  ?jr 

ft 

179 

1 60 

<f<'*  a Vfrs  / IaP#*, 

ft 

13b 

far#'r»  n*,  LA^'fMiSi  isrrs 

ft 

131 

?4r 

rpb«*«T  |4m  M|.ft«,  fa, II 

?»*• 

ro*  Tlftt  t 

ft 

3J1 

.9S 

r « 

riL.prpr  II',  *,0  ?»  »l9*vfW,  1S''**1S 

rriMAt  (4m  ???•  t 

tC^VMb  • mi  1*1 
fCVM|A  a »»  f f iSl 

T<ycar  a •*fP«4I 

34#* 

»r  a T*  * 0|  1 1 

• 41ft  a «••*PSPpW4  iH'ftSf  • t\7 

ft 

1J4 

»»Ak  a V.'^ia^OioPAT'I*?#  • 1 

ft 

11** 

<ftkMl  • P . I , 

ft 

334 

fto  9»  r J » 1 , 1 PfwPS 

ft 

337 

»*S 

yaT*  a • 9*., 

ft 

13* 

vvA • a 14 , 

ft 

310 

rp  • *1  ftaT  ( TMbf  (M,  j)  1 / morn. 

ft 

1«0 

• ftrrf'f  rlf,  , lAbfLIin  ITM 

(* 

^4  1 

?7'- 

ri<wM/T  <4Mtkrra.  •ft,?! 

JS'‘ 

fftfpl'f  ir,  ?3r,  L«4fiM4i  usavST,j 

?!•' 

rrbMAT  (7M>'a,|7,SN  SfVa,  111 

vP('pMC(«i  » <apn4Q>'ppsi j\  / 

t. 

34* 

T»  (APrsbMftfj)  ,<1,  o,(  , ro  TP  par 

ft 

144 

% f a 4 , 4 

ft 

147 

»S4 

r.f  TO  ?♦,/» 

ft 

344 

?** 

rftt.T  I ft  <f 

ft 

349 

VP**9C  a 4Pr.Uw<(j|  / CftPMl 

ft 

ISr 

1#  a n,  a •.(  Cftl  1 1 vMPSol  • aVhMCUll) 

ft 

IM 

r »M«i4riO  / «ftp 

6 

1S7 

V4VP  w AA^tpniJ) 

VbM^  ■ « jliT 

vr  ■ • A|  noi  I' ivM*>9  / vavAi 

SCO  ‘*ktT>  .1 

9&«  Af>r**4Tr  //  • wtrffvEO  • In 

hktrt  r#  • VB>'S«  AH9tP(i(J)f  VAV****  #4*  VP 

?Afi  (hM  apPOM^^■  ,r  I n , j.AM  va^^a  | r> , t«  pm  «m9iPi  ■ i 0»  3 *4**  v 

i4vr.««#  M*i/«m  f a*  .r  ir  .TtPH  vPa«rir,i} 

rari'PF  IM.944,  l*Drc|l4||  fA 

PA«  rc'U4*T  |9m  WM<a,  »9,?» 

*ArPLf  OP.^47,  MHCLllTn  vr 
7at  rfipMAT  14m  wTa*  ih  i 

Cl  M a r,r 
rr  ?7«  1*1,  NPP 

9y*-  a 9uH  « Pr^APOII,  j| 

If  f<MP  / <4P  ,f,r,  i*,ri»  fto  TO  ?Pt 
PTC^PPI],  j>  a r,« 

71^  ro^Tl^'ir 

9P*  rCNTlfc'ii* 

(All  rn-Jbwc  iPKAPpil,  J),  SNP,  W^CAPP,  ATAPc  ) 

cijM  a r ,4 
pp  ?‘#p  1*1,  ***<P 
a a snP  • T • 1 
<114  « « PlSAPria,  j| 

VAI  a <ilM  / n'aP 

If  fV«L  .Of,  1,1  V4|  a .POPObV 

• Vftl 

PTSiPnia,  J>  a I , / AIPPll.  / V4M 
If  (I^IL  .fP,  f*!  UfrvPvif,JtaSC4Pi  in 
<C4Pl(I)  a SCAf'lllI  • AvWPSPlJl  • f* 

?o«  roNtlKHr 

If  il*<rL  .f'J,  u»  or  TO  39r 
IPtPTin  a I 
fPl  rTMi  a T 

TAtl  OPAPma  (PTAAPpIl*  Jit  trPPl.  t f<NP,  J|«,  aPPl,  IMI*,,  T«*l,  TP 

I Ifi,  L*f*K*  I • TplpTi 
wpirr  rOtun 

fp44*T  IlHft,  loi,  9AMl(vri  irp  APOvr  PPAI  PfKrfKT  Of  T|p£  cfvf 

II  »«  ffCffPCP) 


1A« 

ISA 


0 ISA 

0 1S7 
r«  ibp 


Q 1^9 
0 lor 
R 101 
R 109 
6 103 
R 16* 
R 16S 
C-  164 
0 367 
R 14P 
6 369 
ft  17n 
ft  171 
ft  377 


ft  174 
ft  37« 

ft  177 
ft  37P 
0 379 
ft  mn 


131 


k-*  I 
— . J 

c.  I 


: 

UJ»J  ‘ 

col 


!•» 


IS 


7t* 


?s 


1' 


•\s 


4'' 


«s 


S3 


ss 


**.**«  I»  • * I 

1* 

>*  t • I •^^r 

ct  • M V «‘*W*|'P  • !«*• 

ttf*  V<-AP|||).  C*<AIM) 

«fc  * *.  AT  »!«',),  I<-i. 

t ».(rv»>«  1 1 « ii  • ivbMcciij)  • (A 

»*.-  f / • * !•  !•♦ 

Twi  Mt  n t • - #» 

»rt  rtT  I n * • 

f>u  Jl,  • *».»■'•  JK.  ■•■‘Al.  T***’*  V** 

1 . I A**t  ' • • !P'  '‘T  j 

'.n  If  * 

%>i'  >»«*»»>•) 

r-A  )v»>-  I ••  itS 
«*«  PI ^AK'  n • M • 

?»•«  '•o»  T fMit 

!f  < ?•  Tl  . »''  T?  ■ 

''nil*  I « I . Sr 
rn  ijr  j r 1 

31  • pT«;»Pt  fi.  j» 

39'»  <•  o « r 

f'(  ^7  J ^ 1 .« 

WA.CI  (II  • r ,( 

Ap'  tw«  ( ii  ■ n , r 

• n.r 

rostlNi'f 
rr  ita'  i«  1 ,Sr> 
r.rt  If  ) ,0 

PTSAOPJl.JI  « I), ft 

li-f  rp,  Tt»<l  £ 

Pr  TMfc  V 

ft.  ' 


r«  lei 

f. 

r T4S 
f* 


r*  7ma 
ft  IMA 
ft  70  7 
f.  TmM 
ft  7P« 


«l'APriJ»  p F » lAf'PT  f VAl 


A P » » I 


r »tMPT  p^vi^^L  iiP/rT/T*  AtM 

/• 

r Tflv  ftUk-l-Pl'TISk  ^IMC  T^r  lNf»«  Af  Th^  FTPST  PM^T  ftP^AlpS 

r TM<f  op  PniiAt  TO  tMt  CPPCtffFf  VAlOf  • 


r I r r r ap  1 1 r » 


f » P fPT  VAPlAftLF  « 

r 

f AO  ■ Ai  r 

r » T»-(r*  i^rirAiFS  u mmIcm  <fct!on  or  ^cacF  potmt  itfs 

r *•  • IM>F»  OF  FTPVT  PotNl  GF  VAl  UF 

r v»L  • V7UMF 

C 

r •••••••• ••••••••••••••••••••••••00»0*0«*00 •••••• ••••••••••••••' 

r 

fO■^'Pr^  / Pim  / MOP,  Kl<  • PffKSF  >S0«  PI 


f H 1)1  PAMlAPlfA 

r 

r HOP  ■ HiMFfP  OF  Pin  |»  «Calf 

P IXTC  • FuPFFW  of  PF-t*  TS  Pfp  PfrFfVkP  IF*  fFTP  tfFfOBr  ON  OAlA  TaPJ 

C UfOa-CF  • wrCFfVFP  NOt^F  Apr 


IF  JVAl  ,|F.  APIM.PH  r.O  TO  IP 
K « F OP 
PF  TOPN 

T»‘  If  «vai  .pt,  apiHi  fto  n #»« 

^ • 1 
pf  TKF  >1 

>r  ! • FOP  / ? 
tap-o  • I 

‘»r  uno  B lAoo  / ? 

If  ivai  - APini  sn«  ao*  l?o 

Aft  ^ • T 

PF  T»'PN 

«*'  If  riAOO*  PO#  Qft,  AO 

*r  T « I . I Ann 

IF  rT)  /F,  70.  “ir 

7r  Po»  T IfjiiF 

mpTTF  iA.  pri  I 

pr  Fopfat  Ham  FppoP  f InoPT  t*.!*! 


H 


H 

H 

F< 

H 

F4 

M 

M 

F« 


0 


0 


132 


BESlAVAILABlc  CCrV 


T*  • v*i  - tu  u . Ill  nr*  1 rr * 

t • I . I 

rf  T • I 

t • r . > 

T»  'll  Tf  , »{  , 

Ir  M «At.|  I « A , I •(  , 1 

1 • ? . !»»'» 

If  t T • «*r  V I lA  , lA  , Tf, 

♦ • 1 . » 

Tr  * » - • »)  1 *1* , I vr , 7» 

Ti  rvii  • «u<Tit  «•  4A*  i«r 
f * r 

po|.*  i*  r r K A AT  f 


cfwnn  rtN,  )Q?». 


«|i**pO<iT|st  irfAlK  *4  fOwPlM  TiTA  f'ftll.Tt  ffcO*»  1-f 


fKtATA 


r irAT 
r L*^»'** 
r 


r t mOnTm  • mo^Tm 


»^rCF  IVFt«  Nl  MHFl. 

TAPr  4C’!0»  n Afi 

> ■ ||*<I  AfK  pATA) 

PAV 

wOliP 

»*TN“’FS 


m TFAP  PfCOHn  ASr  mKPaC*  PpFaMHL** 


r * OfC.rjvfO  Nf«**firfc  Pigf 

r t^PF'*  • I fF»<*TN  Of  Afcnwr 
c LPATF  • ING  PaTI 

0 l,prvPv  A NMMPftt  or  pfcrtvrps  ^APPtfr* 
r l«Ff  ■ cfi.oi'-OA 

r LAlTF  • «iTF  TOFNitrirATTON  fOPF 

r MTlt  • TOTAi  MiMpfP  OF  rO“P|F»  r*TA  POUiTA  !h  IKPl'T  AWPAr 


r LAITF 

r NTu 


fOMMOi.  /arrOMO/  tnfoi'^)*  loarib*")*  iaavst*  lpF  al  (Pi'ap)  « 
l lpfo,  n^ata 


PFCDPO  TOWMOA-  VAblAM^tA  • 

• 

• AOPAv  COKTaTSTNO  PPMMPLF  VAtUFS  PtPTATMNG  TO  FACh  PECCIVFP* 

• IINPACHFP  iMAr.TNAav  UaTA  • 

t APWAv  rOl.TATi<TF<b  PPtAMALF  VA|llFS  PFPTAINfNG  TO  AfTF*  fAACT  • 

TTMF,  WATf  ANH  »«ii»*PF.p  OF  PFCFIVFUS  • 

• ^AVFr  PPFVjOu^  SITE 

• IINPAOWF''  WFAl  data  • 

« LF^OT**  of  PFCOPt'  • 

• M«PMPQ  Of  ^AMPtF«  * 


rfi**t‘OU  / «AMPL<  / Apr  A)»  AMPSO(S)?*  A)*  N.  GWC  • NPAlL*  PQF. 

pM*  IDAV*  iMO'iP,  MTN!T*  UCC*  PATP*  MPT!^»  APSOfSl?* 


SA^'PLA  rOPMON  VAUIAHlF« 
AOOAPF  OF  AMPllTuOF 

APMAV  CONtAlNlHO  PF A|  DATA  VALUES 

AUP  OF  SOIJaPFS  of  COPPFCTFn  P£AL  VALUES 


• COUPTFP  T»*0!CaFCS  NUPtFP  CF  TJPlS  SUHPOllTfNF  FINflATA  MAS 
MFfcP  CAlLEr 

■ PFCFTVFP  AtiiMMFP 

• sr 


FOMyvAlE»«rF  (INFOin*  LSI7C)*  (iMFOIP)*  (MONTH)*  (tNFOO)*  LDAT) 
1*  (INFOU)*  LMOUP)t  l|NrO(«)*  LMIN)*  (INFOtf)*  LAFCI*  lINFOfT) 
?•  IPATEIt  ITnFO(P)*  tPCVPS)*  (|MFO(«)*  LCONT) 

FouivAiENCE  UPFC*  LNPFC) 


If 


If  <nrA  .*.r,  ?\  C'<'  If'  I?*" 

r.o  TO  ?{j 


r T»TTUt  f*lL 


• K lOT 

• « 1C» 


1"  PFMINO  44 

KUO 

94  lTf‘4  p 1 

Cam  pmapc  IjTrA) 

K n ■» 

« v/*i  miTv  Of  wrfc»o 


If 

flNPtf  , 

.FO. 

41 

GO  TO 

144 

IF 

JLNPfC  . 

.1  T, 

41 

oo  TO 

?4 

IF 

(LNOeC  . 

.FO. 

4lS)  60 

TO  4C 

IF 

IL  orvOK 

.FO. 

• A 

.440, 

lnpfc 

4r  If  iiPcvPc  ,Fo,  ? ,o».  t«rvp<  ,fo,  4i  soi  ?fi 
4(1  If  (fJf*LL  .Wf,  n OO  TO  iiu 

If  imoMh  ,lT,  « ,nP,  month  ,fC,  ImonTh)  f0»  ?(i 
40  If  lin#T  ,lT.  0 .00.  T0»v  ,fO,  LO*YI  TO*  ?0 
TO  If  (iHOnP  ,lT,  0 ..)0.  IhOi'P  ,fO.  IHOUQ)  PO.  ?o 
P''  IF  (HIMT  ,IT,  0 ,0P«  MlH|T  ,fO,  (“IN)  90*  ?0 
O"  If  »I4FC  ,LT.  0 .00.  T^fc  .fO.  lSfC»  100*  2o 
» on  KTi  I ■ 0 

0.0  TO  lifO 

no  Ir  <is  W«T  ,Kf  , L«>ITE»  60  TO  IPO 
)?r  iTt  4 • ? 


C OfP*rt»  r4T4  4nwn<  if  PfConn 


IIP 

UK 

IJT 

IIP 

119 

120 

121 

12? 

1?3 

12S 

1?K 

12T 

12P 

4 

129 

4 

130 

4 

1 34 

K 

13S 

4 

13T 

4 

13P 

4 139 

4 

ISO 

K 

1*1 

C*LL  PfTfPF  (tTn*l 
Ihit  ■ NPr 
!>'■  roNTifiuC 
Nl  • I 

f'r  140  t t INIT.  Nn*T4,  fl 
Ml  I • STIL  • 1 
•“0  ISO  LL  ■ 1 ♦ tncvB« 

4MF (NTLl • U I • L^tAL (NL I 
*MP«0|f.TLL*  LL)  ■ LPCAL(NI)**? 
*P«Off.Ttl.  LL)  p LMfPLINL)**? 
)4*  4L  ■ NL  • ? 

|40  rfv*»T|fMiF 

14f  fONTIM't 
NTM  p C 
IPO  PFThPN 
Ff.f- 

ClfHOfMinKF  PfTPPf  tllnP) 


Pf  lAPt  PFVISEO  ff*».*  )P7S 

ThI<  4Hp,40tiT|NE  QFAU<  ANO/OH  UNPACKS  UNf  PFCOPn  f PQ^  Inf 
OaTA  TAPf, 


ni*-FNSlOf  NUPA«(?OKO| 


PkTAPF  VAPIAHLFS 

p lfnotm  pf  proAon 

P fl AO  IhOfCATFS  PHfTMFM  OP  NOT  TO 

I)  PuFfFP  IN  NFfT  DATA  NFTOPn 
7)  UNPACK  HOODS  IN  POFAMHtF 
S)  UNPACK  rOMPLPi  DATA  VALUfS 

I p no  U AND  ?\  OM  Y • 

? p no  Of‘LY> 
p IMAOINAPy  iNuFf 
p OfAl  INDFA 
p IFNGTM  Of  OFroMO 

P PAHITV  fOROB  FLAft  ( I P NO  FROOM*  -1  p FPBOR) 

• »4tiMPFQ  OF  PACKcn  data  HOOnS  TO  Mf  UNPACkFO 
p UNOArpfO  ABPAY 


I 


I 


IS 


ur 


» 4S 


1*0 


|S5 


1*0 


l*S 


j yc 


\ TS 


J ac 


I as 


1 


)os 


^00 


T*  • t 
• • »* 

I O'*  « 1 

r»tl  H¥Tfc'«ii  (»♦<,  lf>t.  |*ST. 
t«.  • V*  T « T n M » 


L 

I 

L 


y/r 

!?) 

12? 

1?^ 


»» • r«  n * » « • » •»!  u . If  ?»  L 1 2* 

TkH-  t?J  r M • TMTI  . Il  l*)  I Ji»S 

» )r  » TM«.t  , L 12* 

ik»r'«*)r|r*t*>(^i*TNrH)  LW^ 

Tttns)  » 1*  • TNiQ)  • It.ilO)  I ]gm 

LI  29 

t•ff(7^rl^^*^J  113* 

Llil 

t»iriu>rrsnS)  L11? 

Tf  ,F0,  r.)  r.o  *n  tj«  L 131 

f*-  ►t.jTl  7«)  L 13* 

■»r  cnO'fcT  «TTf  *'Ohth  nat  hOi  r mjn  tf  r *.*TF  SC,«f  L 1 iS 

I f V rn»  i T Mil  113* 

*.UtT»  ) {.fO  \ 137 

S(.R»/T  ,?tS.|7.T9J  L13a 

c*  f{i»  I 139 

r ••••••••••••••••••••••••••»•••••••••••••••••••••••••••••••••••••• ••••••  i_  I 4A 

* • L 1*1 

c fccr»lv*r  T»'»  A T I c*''  1*'  ^CP**^•L^  • L 1*? 

• L 1*1 

••••••••••*••*•••••••••••••••••••*•••••••••••••••••••••#•••••••  L I 4* 

I Atl  #17  t 14* 

1 r>r  * 1 0 1.  1 ** 

1 1 • J • 1 • MJfVf-  [_  14H 

fMl  OvTMtii  JT*.  L^r*  1**1*  is>  L 1*9 

IP  iIPuTs  ,rr,  *>  r.A  In  irr  L ISO 

t»  Tt  r TS I M L IS! 

ti'orii.  J)  • MP'ip  .*^r,  ai  / * I IS? 

n-ri?,  J)  « ii^TP  ,*Pu  , *)  / * L isi 

ji  « iisiH  ?)  / ? I IS* 

Tf  p*  I*  . J)  • 1»  1-  .*M  . 1 I ISS 

If  «r  (*.  J)  • f?)  L IS* 

M f'T  »*  . J|  t r3l  LIST 

Tr'pri7,  J}  • • T»  (*|  . 4A  • TS)s»  • s • l^f*!  ♦ SS  I isa 

?r*  rr.MlA  >f  L 1S9 

Tfwrt*,  J)  « i(*i'rr  • isr7i  • i(>*cr  • iNfai  ♦ loo*  • im9)  • i(*  i l*o 

1 »•  • i»n^»  • 11  • tpMI)  • fPII?!  L Ifcl 

n - fo*  tt»  Mf  LIS? 

Tp  MpoU  .*0,  *>  no  in  \4f  L 1*1 


VU|Tr  !►,  I^D  I 1*4 

l7r  F(jfcaT  ilMf,7?H  v<m  r.ai**  i /*  C*is  l /«  * OS/nff  c *9FC  f i l iss 

IFVFI  AAT*  »Lfni'fPCY»  L 16* 

'•tpf  If.  1 TTMT  L 167 

n-  »rR»'*T  (?T*«*I9.T1S)  t i*a 

u*  <‘l’»7lMif  L 169 

If  iTTf  * ,NF,  A)  (.r  Tn  ?rr  L 170 

xjy 

f*  • L 17? 

r M»R6r»i  *K0  ST'^Pf  rar*  v*Li'a*  • i iti 

r • L 17* 

L 17* 

1«  ► , A 

*p  Ml*  .17.  4l*l  -0  TA  1*0 

»pa»  ■ *1*  L 177 

»»na7*  ■ ?r4M  L 17* 

nr.  tr  17*  L 179 

I*'-  If  Mla  .If.  *1  fit  TO  ?or  t 1*0 

sra*  ■ 3f7  L 1*1 

fraTa  » 1*3*  L 18? 


17'*  7nrM*o  a 1*  . (kbCvN  • *) 
fMrr  « HOfs  ff  cf t.4b,  1 0 > 

» •off  • fpOMlp/ 10*1 

tf  (fifc-rii  ,FQ,  f.n  To  17* 

*<  • n « - sMOf  » /? 

Oo  177  J*  1 

7.1..  *1 

14.TP  ■ P7  If  Tf  I t*i'f  (SannP) 

»iiPa«(Ri  • f*Ttf  .aso.  Mas* 

177  TMifiNfOPr)  • Mvtf  TKTPi’f  fSaOPn)  1.10) 

t 1(1* 

r • t laa 

r *i-R4r(  rif.f  uspac*  *f*f**Tf«  iaCf*  aacafO  aiiPO  into  rivr  i^.hit  • l im7 

p anf>  T»pf¥  *Mifi«  far*«  fa^Pir  ? a|7*  to  Tn'  *!r.«T  • l i*a 

r fi/Ta  !»  !►.  1a<'.*  f AmPi  f ► t . sfa  T**f  IJ*NL*i*V,  .97*»  Na*  t,»T* 
r •iTm  a *r*<  I I wnw  o T(t  in,  Pafvic.n*  taPf  Man  so*lf  fuOM  •*  rn  .*  asO  iwnMiifw* 
r arryr  sii  nar  to  Mavf  1''?*  SLpTsafTft  >hcm  TMf*  fo«  MoaTivt  st'fHf**. 

r TMf*  Tf«T  I*  so»  PV.Pa<SFr. 

r • L 1*9 

^ •••••••••••••••a***********.****************** •#••••••••••••••••  L 190 

17*  * • f .1 

lafois  ■ *orMfa/ii'  ♦ r 

If  r*M0(i  Ai  loff.iN  • tapopn 

rail  I sPff*  4 fMor ( THFr |S) • MiPavif  i.  **«■> 

nr  1**  J * I • Noai*  I 19? 


136 


1". 


rpMMOfj  / H«Tr^  / !>*•  L*’r* 


50 


(, 

I 

i 

S( 

^1  .* 

L ■' J . 


70 


7*5 


• 0 


• 0 


9^ 


I on 


ln» 


m 


1 !» 


I?** 


ir 

H .•» 

t» 

i 

I 

«(»«■ 

«». 


d»TfV  fO»-**UK  V*»-lAHLtS 

I*t'»*  nf  Puriirr  «*nn>  I*  9ii»f>u 

koi-Kf  tstn  outa  h Bi'X^wtr 

Auk#«  rr 

r»  pvTr*(  TO  Mr  "KP*riirn 
in(**to»*  ^r  » ’PST  PVTf  Tr  p»  uKPifutn 

I 777S. 

Aup#i»  ff'»TAiK»Kf,  *pP6f'rp|4^»  r 01 

rnbO-piT  HyT#^  T»,  a »OBr 


roMb-Or.  / r*ONTOl  / 1PI»I»« 


r aTm  Of 


iHf 


!*• 


^ Cn*TPl  COMPr>  VARIAPIC^  • 

r • 

r irwi*  • poi».T  riiO  to  ■ NF*nif<r.<  p«if*TFO«  1 ■ PPpT  hfadT^GS)  • 


rr**-!;''  /pfrf'pp/  r^foiuj,  ti>prtH.o»»  i^av^t.  i rf  al  « ^oah  i . 
1 t pf c t noata 


OfPCPn  coppOk  vAPiAhLF^ 


I»^PC 

1»  f ( 


!*-Ay^T 
Lur  At 
t MFC 
kpaTa 


APNAv  CO*.TAlKTufi  PPFAMPIF  VAM'CS  PfPTAt^T^G  TO  FaCm  RfCfIVFP* 
APPfy  CO*TAlfT^(»  fPtAMPiF  VA|  UFS  RfPTATMKfi  »0  ^ITE»  FlAOT  • 
TTPr.  WATF  ANf'  SiiMMftt  OF  PfCFIVFPS  • 

^AVr^  PRFVfOLi9  ^?TF 

^.^PA(-FP  PfAL  PATA  • 

lF%r.TM  (•»  RffOwr.  • 

0|  CtPPtFc  • 


FOoTVAttfrf  t|Prr#  If'pfC) 

Oat  A »'p/'’AOf*roooo<-ooooooo"Oop,  3f.cooooooonrononooop*  1 7rooflooooooooo 
I roop .7*00000 oonnrioooop *3600000 ooooooooH* I 7oooonoooooooP,rAooooonoo 
.30000000000^. I 70O0O0rO0P«7A00000CR •39()000np« ) TOOOOR. 7400H.3APP 
3. I 7M/ ,-ACy /I  77  76/ 


*prvp  ■ T'^rntp) 

If  tlTOA  .IF,  1)  10.  1V0 

10  T 7 1>  Y A C 
*»P  A I 

ITPY  A IToy  • I 

PufftP  140,  n ilRtifin*  lPtif(*.13>I 
If  iiiMTtAon  ^n*  ?o.  30 


F»  r OF  F U *■  • 


?0  LNPFr  A o 

ftfi  Tn  pyo 


I 


f p*pjTv  FPROP 


lo  riMvtif.ut 

40  Wp  A . 


r TfP{  PFAM  f\K 


*0  I fjPFf  A I PNnTpl40| 

Ti  A.  A I fjprc 

If  (lift  tKf,  0)  <30  TO  on 
T|  f.  • 1 

o'*  I f.PFC  A **P  • li.4 

1»  rtlN  •!  T.  «|  ft(‘  TO  POI 


o A 

C GFf.tPAl  ?A.FOP«ATIf)N  IN  PPFFPFlf  • 

r A 

r AAaAAAAAAAAAAAAAAAAAAAAAAAaAAAaAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 


I.  33 
L 34 
L 3^ 
L 30 
L 37 
i.  3« 
L 30 
L 40 
C 41 

L 4? 
L 41 

I 44 

I 45 

L 44 
L 47 

I 4P 

L 49 

I Sr 
L SI 
L S? 
L SI 
I S4 
I SS 

L SO 
L S7 
L SP 
L S9 
L NO 


L N? 
L N3 
I.  N4 
L NS 
t NN 
L NT 
L NP 
L N9 

t 70 
L 71 

L y? 

L 73 

L 74 
L 7S 

L 7N 
L 77 
L 7P 
L 79 
L SC 
t 81 
I 8? 

L 147 
L N3 
L 84 
L 8S 
L 8N 
L 87 
L 8P 
L 89 
L 90 
L 91 
t 9? 
91 

L 94 
L 9S 
L 9N 
t 97 
t 9P 
L 99 
L ICO 
L 101 
t 103 
I 104 
I lOS 
L ION 
L 107 
L 108 

I 109 
L 110 
I 111 
L 11? 
L 113 
I 114 
I IIS 
L IlN 
I IIT 
t 118 
t 119 


A 


135 


t 


I 


t * TP  ■ ••!  iPap  ij  J 
. > 0|' 

L 

197 

H 1 P TP  .t  * , ‘'ll)  r.f)  TO  1 Pn 

1 

IV* 

* 1 1 >1  m 7p  • 1 0?* 

1 

1 V*. 

1 fe/* 

Of  * T TN"» 

L 

1 VA 

Of  > O'*  J « 1 « ► OA  T f 

L 

1V7 

1 P»  A 1 < J)  r K'H  A*  { J) 

L 

1 «P 

T'  " 

r t Ti>pf 

L 

1 VQ 

r • 1 

L 

?rn. 

t*rT^»  efv»cn  r*/r7/7*  '“•h 

l«f<  T 1 •!  f*i.riL«7r^  T^f  SCt‘A«(  r»  THf  ^Vfk.Af,»  Sf’ls^ 

Vf  I ^ tr.t  , 


•' 1 •..f  Kd  I «v(>»dci»)*  «i  .i*t  »-i.  < " » * <uvTrn| 


r uKrldf  VAMTAHLf^ 

r c wC»  TA(-f  €.01  «p|-r 

r fi-«t.  r <tTf  rut*i.t  H «G  tO  « StTft  I c IK  dJfM 

r • MPP*.-  ('»  PF(r'«(«  p^offdcff 

r i.»rvfc<  • or  prrFOvro*  ofT^r*  <ApPLti^ 

r <*041  » nr  pri‘T«  »*rcp!vfp  ]K  FAf*.  ornrfc' 

r <1  Mf>p  • ei.fc"  rr  dM  A^Fc  cr  AAPLtTnnr  row  onj  (frrivFa 

r <1  « Clip  '“F  <nhAPF<  ('F  A*»PL7T(lfif  F OM  A(  L PFOFTvFPd 

r <1  a*.  • c*»'‘'>*7Ivf  *{  tf  (r  otAL  vAt.»>F< 

r T<t'-P  p <1**  OF  OF  A|  VALUFC 


jr 
1 1 
1? 

J ' 

u 

!*> 

IF 

J7 

IP 

l» 

?0 

?1 

/7 

?\ 

?A 

?« 

?A 

?7 


0f.M*-(iN  / roFcr  / f-ioa 


rOKST  p(  fc^MOK  VAPfAP^fS 


r Pfo«  V n*  F«rr.<>PTK  P] 


3r 

31 

1? 

3'^ 

JA 

1* 

3A 

37 

3P 


POfc-MO^  / r^FTPl  / iPPfF* 


r 

p 

A) 

r « 

M 

4? 

f 

• 

M 

*7 

r 

coktpl  cnMMOf'  vAPi*Pi.F< 

• 

k 

AA 

4% 

r 

• 

M 

A« 

r 

ippp 

« 

PPl**t  FLAft  If  • *0  HfAniAAS  PPIKTfn,  | * PUjAt 

HF  ADIKG^) 

• 

P 

Af 

r 

• 

M 

A7 

M 

AQ 

<0 

r 

P 

%Q 

rriMPrs  ✓ Pt^T  / »0P.  Mt  ♦ PFr^SFiSO*  P) 

P 

KP 

r 

M 

PI 

r t 

»•« 

>•• 

P 

K? 

f 

• 

M 

h^ 

44 

r 

PlOT  CT’XMOA  VAblAHlF^ 

• 

P 

K* 

f 

• 

P 

KA 

0 

NiOP 

* 

4()»>brP  C»  MlA<  14  ^CALF 

• 

M 

PA 

r 

4(Tl 

s 

M.tffiFu  OF  PCi^is  pfcH  ffrrFivFP  IK  facm  orronr'  ok 

OATA 

TAPF 

• 

P 

A7 

r 

prOAdf 

• 

PfCFlVfP  401<r  APO 

• 

P 

KP 

4n 

r 

• 

M 

KV 

f < 

*•€ 

W 

?0 

r 

P 

71 

rr4»'0r.  /uf^ouf)/  fAForvi,  rn0orA«ff)*  tfsAvsT#  t«fAif?OAPi 

« 

1 1 PF  ( 

'•  KTiaTA 

A** 

r 

M 

77 

r < 

>•« 

P 

Fa 

f 

• 

P 

7A 

prctsn  roMMCF)  vap|ahif< 

• 

M 

7 p 

t 

• 

P 

77 

ta 

r 

loec 

• 

AhMAv  (OKTaIMKO  PKiAMPlF  VAllieS  PFPlAlMKfi  TO 

F *CH 

uFfElvFh* 

P 

7P 

r 

!»ri. 

• 

AOkAv  COkTAlKtSO  pftlAMpLF  VAlUCS  PFPlATMKO 

StTF  . 

FAACT 

• 

P 

/P 

r 

Tf^r,  «AT*  AKO  MMkiO  or  PFCFIVtP^ 

• 

P 

80 

r 

!«Av«T 

m 

dAVF**  PPFVTOl'A  STTF 

r 

1 Uf  Al 

m 

(•».PAr«Fn  Pfii  TATA 

• 

P 

HI 

7* 

f 

i«.rc 

« 

^FKATm  Of  PFfOkO 

• 

P 

H? 

r 

KOAIA 

• 

MIMPFO  or  dAPPLF* 

• 

P 

87 

r 
^ 1 

»•( 

• 

P 

P 

MA 
► 7 

I 


137 


\ i 

T?t  1 

s»c 

A-l44ir«rOoi 

SPA 

1 1 

r^hfkOfCf'f'T  • 

N» 

•*f  *r  r 

SHA 

\€ 

► 1 serf  Oft 1 

SP^ 

rtbiPfonoftf  * 

» F 

T J 

‘'*Oft«oofft|  * 

/p 

1* 

ftOOftftOOOOCrCCrpoTTTT 

toASK 

PATA 

'b 

F P D 

♦ c**  •'Sin 

►•0PM  ?■*  *S<F»’P|  V 


m •) 

I 

p*,Mh,cytLf 

B5*l 

pJ»PS»rt»T 
HU  ,IINP«CM 

40O« 


?7  fTAUwFMv  * 

«rruKn«;  g 


^^^cgfMFKT  *NHiv  4huV*^« 

.INCHfwfNT  SAHPIF  lSf'k« 

^JIJMP  <.«MPt.r  iNt-fci  KOT  b 
,^fT  c,AM^u^  H4C"  TO  r 

^IfOUFMFr.T  PACff'  flHH*T  tKPFA 

,ji'Mp  IF  PAr^M  appat  inr>F«  f.ot 


t « g 

0 


139 


REFERENCES 


K.  E.  Cillilland,  "The  NAVELEX  Man-Made  Radio  Noise  Program,"  Final 
Report  ESD-TR-75-007 , Electromagnetic  Compatibility  Analysis  Center, 
Annapolis,  Maryland,  21402  (April  1975). 

D,  J.  Cohen,  "A  Statistical  Ignition  Noise  Model,"  ECAC-PR-72-041 , 
Electromagnetic  Compatibility  Analysis  Center,  Annapolis,  Maryland 
(October  1972). 

R.  A.  Shepherd,  J.  C.  Caddie,  V.  E.  Hatfield,  and  G.  H.  Hagn, 

"Measurements  of  Automobile  Ignition  Noise  at  HF,"  Final  Report,  SRI 
Project  2051,  Contract  N00039-71-A-0223 , Delivery  Order  0003,  Stanford 
Research  Institute,  Menlo  Park,  California  (February  1973). 

K.  E.  Cillilland  and  T.  A.  Brewer,  "Experimental  Verification  of 
Ignition  Noise  APD  Model  and  Digital-Receiver  Bit-Error  Probability 
Model,"  Final  Report  ESD-TR-7 3-036,  Electromagnetic  Compatibility 
Analysis  Center,  Annapolis,  Maryland,  21402  (January  1974). 

K.  E.  Cillilland,  "Initial  Verification  of  Intersymbol  Interference- 
Filter  Distortion  Model  and  Digital  Receiver  Bit  Error  Probability 
Model,"  Final  Report  ESD-TR-74-087 , Electromagnetic  Compatibility 
Analysis  Center,  Annapolis,  Maryland,  21402  (December  1974). 

R.  B.  Churchill,  "Modeling  the  Relative  Amplitude  Probability  Distribution 
of  Power  Line  Noise,"  Final  Report  ESD-TR-75-019 , Electromagnetic 
Compatibility  Analysis  Center,  Annapolis,  Maryland,  21402  (October 
1975). 

H.  N.  Shaver,  "Propagation  Measurement  Systems,"  Final  Report  Contract 
DAAB07-68-C-0343,  Research  and  Development  Technical  Report  ECOM- 
00343-F,  for  U.S.  Army  Electronics  Command,  Fort  Monmouth,  New  Jersey 
07703,  Stanford  Research  Institute,  Menlo  Park,  California  (October 
1970). 


G.  W.  Juette,  "Evaluation  of  Television  Interference  from  High  Voltage 
Transmission  Lines,"  IEEE  Trans.  Power  Apparatus  and  Systems,  Vol. 


PAS-91,  No.  3 (1972). 

^ JfOBSDlNO  PAOI  BUJK-MOT  riiMBD 


141 


9.  W.  E.  Pakala  et  al . , "Radio  Noise  Measurninents  on  High  Voltage  Lines 
from  2.4  to  345  kV,"  1968  IEEE  Electromagnetic  Compatibility  Symposium 
Record.  IEEE  68C12-EMC  (1968). 

10.  W.  I.  Thompson,  III,  "Bibliography  on  Ground  Vehicle  Communications 
and  Control:  A KWIC  INDEX,"  Report  No.  DOT-TSC-UMTA-71-3 , Urban 
Mass  Transportation  Administration,  U.S.  Dept,  of  Transportation, 
Cambridge,  Mass.,  Vol.  II  (July  1971). 

11.  R.  T.  Disney,  A.  D.  Spaulding,  and  A.  G.  Hubbard,  "Man-Made  Radio 
Noise;  Part  II:  Bibliography  of  Measurement  Data,  Applications,  and 
Measurement  Methods,"  OT  Report  74-38,  Office  of  Telecommunications, 
U.S.  Dept,  of  Commerce  (1974). 

12.  G.  H.  Hagn  and  R.  A.  Shepherd,  "Man-Made  Electromagnetic  Noise  from 
Unintentional  Radiators:  A Summary,"  Paper  No.  3 presented  at  NATO/ 
AGARD  Meeting  on  Electromagnetic  Noise,  Interference  and  Compatibility, 
Paris,  France,  21-25  October  1974,  AGARD  Conference  Proceedings  No. 

159,  7 Rue  Ancelle,  92200  Neullly  Sur  Seine,  France. 

13.  R.  T.  Disney  and  A.  G.  Longley,  "Preliminary  Telemetry  Link  Performance 
Estimate  for  Department  of  Transportation  High-Speed  Test  Track," 

OTM  73-130,  Institute  for  Telecommunications  Sciences,  Boulder, 

Colorado  (1973). 

14.  A.  D.  Spaulding  and  R.  T.  Disney,  "Man-Made  Radio  Noise,  Part  I: 
Estimates  for  Business,  Residential,  and  Rural  Areas,"  OT  Report  74-38, 
Office  of  Telecommunications,  U.S.  Dept,  of  Commerce,  Boulder,  Colorado 
(1974). 

15.  W.  R.  Lauber,  "Amplitude  Probability  Distributions  at  the  Apple  Grove 
775  kV  Project,"  paper  presented  at  IEEE  Power  Engineering  Society 
Winter  Meeting  and  Tesla  Symposium,  New  York,  New  York  (January  25-30 
1976). 

16.  F.  W.  Warburton  et  al.,  "Power  Line  Radiations  and  Interference  above 
15  MHz,"  IEEE  Trans.  Power  Apparatus  and  Systems,  Vol.  PAS-88,  No.  10 
(October  1969). 

17.  J.  J.  LaForest,  "Seasonal  Variation  of  Fair-Weather  Radio  Noise," 

IEEE  Trans.  Power  Apparatus  and  Systems,  Vol.  PAS-87,  No.  4 (1968). 

18.  W.  E.  Pakala  and  V.  L.  Chartler,  "Radio  Noise  Measurements  on  Over- 
head Power  Lines  from  2.4  to  800  kV,"  IEEE  Trans.  Power  Apparatus 
and  Systems,  Vol.  PAS-90,  No.  3 (May/June  1971). 


142 


19.  IEEE  Radio  Noise  Subcommittee  of  the  IEEE  Transmission  and  Distribution 
Committee,  "Transmission  System  Radio  Influence,"  IEEE  Trans.  Power 
Apparatus  and  Systems,  Vol.  PAS-84,  No.  8 (August  1965). 

20.  IEEE  Radio  Noise  Subcommittee-Working  Group  No.  3,  "Radio  Noise 
Design  Guide  for  High-Voltage  Transmission  Lines,"  IEEE  Trans.  Power 
Apparatus  and  Systems,  Vol.  PAS-90,  No.  2 (March/Aprll  1971). 

21.  B.  M.  Bailey  and  M.  W.  Belsher,  discussion  on  paper  by  H.  H.  Newell 
et  al.,  IEEE  Trans.  Power  Apparatus  and  Systems,  Vol.  PAS-87,  No.  4 
(1968). 

22.  J.  S.  Forrest,  discussion  of  paper  by  F.  W.  Warburton  et  al.,  IEEE 
Trans.  Power  Apparatus  and  Systems,  Vol.  PAS-88,  No.  10,  p.  1498 
(October  1969) . 

23.  G.  H.  Hagn,  "MF  and  HF  Man-Made  Radio  Noise  and  Interference  Survey  - 
Bremerhaven,  Germany,"  Technical  Memorandum  2,  Contract  N00039-71-A- 
0223,  SRI  Project  1022-1,  Stanford  Research  Institute,  Menlo  Park, 
California  (February  1972). 

24.  G.  H.  Hagn,  "MF  and  HF  Man-Made  Radio  Noise  and  Interference  Survey  - 
Keflavik,  Iceland,"  Technical  Memorandum  1,  SRI  Project  1022-1, 

Contract  N00039-71-A-0223 , Stanford  Research  Institute,  Menlo  Park, 
California  (February  1972). 

25.  J.  W.  Engles  and  R.  S.  Hicks,  Jr.,  "MF  and  HF  Man-Made  Radio-Noise 
and  Interference  Survey — Rota,  Spain,"  Technical  Report  TR-5/74-032, 
Naval  Electronic  Systems  Security  Engineering  Center,  Washington,  D.C., 
20390  (March  1974). 

26.  R.  A.  Shepherd,  J.  B.  Lomax,  V.  D.  Cone,  D.  L.  Nielson,  G.  C.  Edwards, 
"MF  and  HF  Man-Made  Radio  Noise  and  Interference  Survey  - Guam," 

Final  Report  SRI  Project  3328,  Contract  N00039-74-C-0292 , Stanford 
Research  Institute,  Menlo  Park,  California  (June  1974). 

27.  W.  R.  Lauber,  "Mill  Cove  High  Frequency  Radio  Noise  Survey,"  CRC 
Report  1263,  Communications  Research  Centre,  Department  of  Communi- 
cations, Ottawa,  Canada  (November  1974). 

28.  "Naval  Shore  Electronics  Criteria,"  NAVALEX  0101,108,  Naval  Electronic 
Systems  Command,  Washington,  D.C.,  20360  (May  1973). 


143 


29.  L.  C.  Crippen,  "EMI  Site  Surveys  on  Okinawa  at  Naval  Security  Group 
Activity,  Hanza,  and  Army  Security  Agency  Field  Station,  Sobe," 

Final  Report,  Project  No.  75-15-24,  Naval  Electronic  Systems  Test 
and  Evaluation  Detachment,  Patuxent  River,  Maryland,  20670  (November 
1975). 

30.  "IEEE  Standard  for  the  Measurement  of  Impulse  Strength  and  Impulse 
Bandwidth,"  IEEE  Std.  376-1975,  Institute  of  Electrical  and  Electronic 
Engineers,  Inc.,  345  East  47  Street,  New  York,  New  York,  10017 
(November  1975). 

31.  R.  J.  Matheson  and  K.  R.  Beasley,  "Field  Intensity  Meter  Modified  to 
Measure  RMS  and  Average  Noise  Envelope  Voltage,"  ITS  Technical 
Memorandum  OT  TM-119,  Institute  for  Telecommunications  Sciences, 

Boulder,  Colorado  (November  1972). 

32.  M.  R.  Moreau  and  C.  H.  Gary,  "Predetermination  of  the  Radio-Interference 
Level  of  High  Voltage  Transmission  Lines,  I — Predetermination  of  the 
Excitation  Function,"  IEEE  Trans.  Power  Apparatus  and  Systems,  Vol. 
PAS-91,  No.  1 (January/ February  1972). 

33.  "World  Distribution  and  Characteristics  of  Atmospheric  Radio  Noise," 
Report  322,  International  Radio  Consultative  Committee  (CCIR) , Inter- 
national Telecommunication  Union,  Geneva,  Switzerland  (1964). 


144 


